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LETTER  OF  TRANSMITTAL. 


Dbpabthent  of  thb  Intebiob, 
TJotted  States  OEOLoaioiJL  Suevey,    ■ 

Division  of  Hydbogbaphy, 

Wdshingtan^  July  1, 1898. 

Sib  :  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Irrigation  near  Bakersfield,  Gahfornia,  prepared  by  Mr.  G.  E.  Gransky, 
and  to  recommend  that  it  be  published  in  the  series  of  pamphlets  on 
Water  Supply  and  Irrigation.  This  paper  is  the  first  of  three  relating 
to  San  Joaquin  YaUey,  the  others  being  entitled^  respectively,  Irriga- 
tion near  Fresno,  California  (No.  18  of  the  series),  and  Irrigation  near 
Merced,  Galifomia  (So.  19  of  the  series),  these  titles  being  somewhat  arbi- 
trarily given  to  indicate  the  relative  geographic  position  of  the  areas 
described.  These  papers  taken  collectively  are  intended  to  exhibit  the 
character  of  the  development  of  irrigation  in  the  southern  part  of  the 
great  valley  of  Galifomia,  and  to  give  tbe  methods  there  employed  and 
the  results  of  the  experience  acquired  through  many  years. 

In  this,  the  first  paper,  some  space  has  been  devoted  to  a  general 
description  of  San  Joaquin  Valley  as  a  whole,  and  of  the  irrigation  dis- 
tricts which  have  been  organized  within  it,  the  history  of  these  being 
briefly  outlined.  There  is  also  added  a  description  of  the  methods  of 
irrigation  commonly  employed,  as  this  has  esx)ecial  interest  in  connec- 
tion with  the  more  detailed  statements  regarding  the  individual  canals 
and  ditches.  FollowiDg  these  more  general  matters  Kern  Biver  is 
taken  up,  its  drainage  basin  is  discussed,  and  each  of  the  numerous 
systems  of  water  supply  depending  upon  the  river  is  described  at 
some  length.  Then  the  creeks  lying  to  the  north,  Poso  and  Deer,  are 
decribed,  as  well  as  Tule  River. 

Although  a  relatively  high  degree  of  development  of  irrigation  has 
been  reached  in  this  part  of  the  arid  region,  yet  the  results  are  far 
below  the  possibilities.  By  means  of  better  methods  of  water  conser- 
vation and  distribution,  and  more  effective  modes  of  intensive  agri- 
culture, the  population  and  wealth  of  San  Joaquin  Yalley  may  be 
almost  indefinitely  increased.  A  full  discussion,  therefore,  of  this  inter- 
esting area  has  value  not  only  as  showing  what  may  be,  to  a  certain 
extent,  accomplished  elsewhere,  but  also  as  illustrating  the  fact  that 
great  progress  can  still  be  made  in  this  area. 

Tery  respectfully,  F.  H.  Fbwell, 

Hydrographer  in  Charge. 

Hon.  Ghables  D.  Walcott, 

Director  United  States  Geological  Survey. 
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IRRIGATION  NEAR  BAKERSFIELD,  CALIFORNIA. 


By  O.  E.  Obunskt. 


ENTRODUCnON. 

The  historical  and  descriptive  treatment  of  irrigation  in  San  Joaqnin 
Valley  as  here  presented  is  based  largely  upon  information  collected 
by  the  State  engineering  department  of  California  ten  years  ago.  That 
department  ceased  to  exist  in  independent  form  in  1888.  Its  work  was 
to  be  completed  by  the  State  mineralogist,  who  daring  the  nezt  two 
years  was  ex  officio  State  engineer,  and  it  was  expected  that  a  final 
report  would  be  published,  covering  irrigation  in  central  portions  of 
the  State,  to  supplement  the  two  volumes  already  issued.^  But  the 
third  volume  of  the  final  report  has  not  appeared,  and  much  of  the  col- 
lected material  has  been  lost  or  is  in  unserviceable  form,  and  none  of 
it  is  conveniently  accessible.  Under  these  circumstances  the  writer, 
who,  as  chief  assistant  State  engineer  from  1882  to  1887,  had  charge  of 
the  collection  of  irrigation  data  in  the  field  now  under  consideration, 
and  of  its  preliminary  arrangement  for  publication,  believes  it  timely 
to  give  to  the  public  at  least  such  benefit  as  may  result  from  a  delayed 
publication  of  a  portion  of  the  collected  information.  To  this  end  use 
has  been  made  of  what  is  left  of  official  records,  notebooks,  sketches, 
and  fragmentary  manuscript  (principally  of  the  writer's  own  prepara- 
tion), taking  therefrom  and  grouping  whatever  seemed  of  sufficient 
importance  to  justify  publication. 

The  flEM^ts  obtained  from  this  source  have  been  supplemented  by  the 
results  of  subsequent  personal  experience  in  the  field,  and  by  accounts 
of  irrigation  works  and  of  experience  obtained  from  persons  of  local 
prominence,  as  well  as  by  information  secured  on  a  special  trip  through 
the  region  under  discussion,  made  in  the  spring  of  1897. 

It  remains  to  be  said  that  portions  of  the  river  descriptions  and 
kindred  matter  have  been  taken  from  the  report  of  the  Examining 
Commission  on  Bivers  and  Harbors,'  frequently  without  credit,  as  the 
writer  was  a  member  of  that  commission  and  author  of  its  descriptive 
chapters. 

>  Inigatloii  Berelopment,  History,  Customs,  Laws,  etc.,  in  Franco,  Italy,  and  Spain,  by  Wm.  Ham. 
Han,  C.  B.,  Stale  Engineer,  Sacramento,  Califomia,  1386;  and  Irrigation  in  California  (Sonthem), 
Part  2  of  Seport  of  Wm.  Ham.  HaU,  C.  B.,  State  Bngineer  of  California,  1888. 

'Beport  BxamSning  Commission  on  Bireni  and  Harbors  to  the  Gk>Temor  of  Califixmia;  C.  F.  Beed, 
C.  B.  Oninsky,  J.  J.  Crawford,  commissioners;  1880. 
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It  will  be  made  apparent  in  these  papers  that  irrigatipu  development 
has  been  most  rapid  in  those  sections  of  the  valley  where  rainfall  is  less 
than  10  inches  a  year  and  where  water  diversion  from  the  streams  is 
readily  accomplished.  There  has  been  comparatively  little  irrigation 
in  the  great  central  valley  northward  from  Merced  Biver.  This  is  due 
primarily  to  the  greater  natural  fertility  of  the  soils,  resulting  from 
more  rainfall  than  in  the  upper  or  southern  portions  of  the  valley,  but 
also  to  the  fact  that  the  principal  rivers  are  considerably  depressed 
below  the  general  upland  level,  making  the  diversion  of  water  for  upland 
irrigation  often  diAcult  and  alwaysexpensive.  Vineyards  and  orchards 
in  the  lower  portion  of  San  Joaquin  Yalley  and  throughout  Sacramento 
Valley  yield  fairly  well  without  irrigation,  and  the  standard  crop, 
wheat,  is  rarely  a  complete  failure.  Protests  have  therefore  at  times 
been  loud  and  emphatic  against  attempts  to  make  water  for  irrigation 
available  at  general  expense  in  this  part  of  the  great  central  valley  of 
the  State.  Notwithstanding  the  active  opposition  which  becomes 
manifest  whenever  the  construction  of  comprehensive  irrigation  sys- 
tems, such  as  would  comx)el  a  modification  of  the  present  use  of  lands, 
is  suggested,  the  spirit  of  unrest,  discontent,  and  a  desire  to  change 
conditions  preponderates  in  many  sections  of  the  northern  portion  of 
the  great  central  valley.  This  was  demonstrated  when  opportunity 
was  afforded  to  organize  irrigation  districts  under  the  Wright  law  ten 
years  ago.  Seven  out  of  eight  districts  proposed  to  the  northward  of 
Merced  Biver  were  speedily  organized.  This  desire  to  change  from 
dry  farming  to  the  more  intense  cultivation  of  the  soil  made  possible 
by  irrigation  is  evidenced,  too,  by  the  success  of  a  number  of  small 
irrigation  works  in  and  adjacent  to  Sacramento  Valley.  Among  these 
are  the  irrigation  ditches  from  Cache  Greek,  near  Woodland,  Moore 
Canal,  Capay  Ditch,  and  Adams  Ditch.  Thermalito,  Palermo,  and 
Orangevale  may  be  cited  as  localities  where  the  growth  of  citrus  fruits 
is  stimulated  by  the  use  of  water.  There  is  some  irrigation  from  Stony 
Creek.  Deer  Creek  supplies  water  for  the  great  vineyard  at  Vina. 
Putah  Creek  is  drawn  upon  for  pump  irrigation  of  a  number  of  orchards 
and  vineyards,  and  both  stream  and  wind  assist  in  raising  ground 
water  to  the  surface  near  Florin  for  the  irrigation  of  orchards,  vine- 
yards, and  gardens.  It  is  not  within  the  scope  of  this  paper,  however, 
to  enumerate  or  describe  the  irrigation  works  of  Sacramento  Valley, 
and  they  are  referred  to  merely  as  illustrating  the  gradual  growth  of 
iment  in  favor  of  the  irrigated  farm.  The  backset  which  irrigation 
has  received  by  the  unsatisfactory  operation  of  the  irrigation-district 
law  will,  it  is  hoped,  be  only  a  temporary  check  of  healthful  develop- 
ment under  extensive  systems  of  canals  that  should  make  much  of  the 
water  of  our  best  rivers,  now  flowing  unused  to  the  sea,  do  duty  as  an 
aid  to  agriculture. 

The  author  desires  to  express  his  appreciation  of  the  many  courtesies 
extended  to  him  in  all  parts  of  the  valley  in  the  work  of  collecting  data, 
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and  to  thank  thoBe  who  have  kindly  oontribnted  their  knowledge  of 
fEMsts  or  have  otherwise  aided  him  or  contribated  material  for  this 
pablication. 


SAI^  JOAQUTN'  VAIiliEY. 

• 

San  Joaqoin  Yalley  is  the  southern  and  larger  portion  of  Oalifornia's 
great  central  yalley  which  lies  between  the  Sierra  Nevada  on  the  east 
and  the  Coast  Eange  on  the  west.  Its  length,  measured  along  the 
axis  of  the  yalley,  from  near  Stockton  at  its  lower  end  to  the  base  of  the 
Tejon  Mountains  at  its  upper  end,  is  250  miles.  The  average  breadth 
of  the  yalley  is  over  40  miles.  It  is  naturally  divided  into  an  east-side 
plain  and  a  west-side  plain,  which  slope  with  remarkable  uniformity  and 
smoothness  of  surface  from  the  base  of  the  hiUs  upon  either  side  toward 
the  yalley  trough.  Of  these  plains,  that  upon  the  east  side  of  thie  val- 
ley, at  the  base  of  the  Sierra  Nevada,  is  by  far  the  more  extensive  and 
the  more  important. 

In  their  original  condition  the  uplands  of  the  valley  were  almost  tree- 
less. A  few  groves  of  oaks,  some  of  considerable  extent,  were  con^fined 
to  the  lands  watered  by  Calaveras  and  Mokelumne  rivers  and  lesser 
streams  near  Stockton;  to  the  black  land  near  Merced,  principaUy  to 
that  watered  by  Bear  and  Mariposa  creeks ;  and  to  the  deltas  of  Kings, 
Eaweah,  and  Tule  rivers.  Some  timber,  too,  was  found  on  the  river 
bottoms  and  on  the  submersible  plain  near  the  trough  of  the  valley. 
Except  wh^e  cottonwoods,  willows,  and  occasional  oaks  or  sycamores 
mark  the  course  of  the  principal  west-side  creeks,  all  the  nnirrigated 
lands  of  the  west-side  plain  and  the  abutting  hills  of  the  Coast  Bange 
are  bare  of  trees.  ' 

The  area  of  San  Joaquin  Yalley  is  11,500  square  miles,  which  may 
be  classified  as  follows:  Bast-side  plain,  7,700  square  miles;  west-side 
plain,  1,850  square  miles;  lands  covered  with  water  and  lands  subject 
to  occaedonal  inundation,  about  1,950  square  miles,  of  which  300  to  over 
900  square  miles,  according  to  the  stage  of  Tulare  Lake,  are  lake 
surfiMses. 

The  mountain  watershed  tributary  to  the  valley,  including  Cosumnes 
Biver,  is  20,400  square  miles  in  extent,  of  which  less  than  one-fifth  lies 
on  the  west,  in  the  Coast  Bange,  more  than  four-fifths  being  to  the  east, 
in  the  Sierra  Nevada.  Large  rivers  of  perennial  flow  enter  the  valley 
from  the  east  and  cross  the  broad  east-side  plain,  but  on  the  west  the 
numerous  small  creeks  and  gulches  have  no  summer  flow,  and  their 
channels  are  lost  before  they  reach  the  main  valley  drain. 

The  yalley  maybe  considered  as  again  divided  into  three  i)ortion8  by 
low,  flat  ridges  built  of  silt  deposits  made  by  two  of  the  principal  east- 
side  rivers,  Kern  Biver  and  Kings  Biver,  but  the  lines  of  demarcation 
are  not  features  of  any  prominence.  In  both  cases  there  has  been  a 
gradual  pushing  forward  of  the  river  deltas  until  basins  or  depressions 
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have  been  formed  above  the  crest  line  of  each,  thus  giving  rise  to  the 
Kern  and  Buena  Vista  lake  basins  in  the  one  case  and  to  the  Talare 
Lake  basin  in  the  other. 

The  former  of  these  basins  has  never  been  one  of  sufficient  capacity 
to  prevent  the  annual  outflow  of  Kern  Biver  waters  toward  the  north 
by  way  of  Buena  Vista  Swamp  into  Tulare  Lake.  The  latter,  how- 
ever, repeatedly  and  for  many  years  at  a  time,  even  before  there  was 
any  diversion  of  water  from  tributary  rivers  for  irrigation,  has  been  so 
insufficiently  supplied  with  water  that  it  failed  to  overflow.  During 
such  periods  the  entire  drainage  basin  above  Tulare  Lake,  including 
ordinarily  a  i)ortion  of  the  flow  of  Elngs  Eiver,  is  not  tributary  to  San 
Joaquin  Biver,  whose  watershed  area  is  then  reduced  to  about  19,000 
square  miles,  of  which  about  7,500  square  miles  are  valley  lands,  -from 
whi0h  there  is  ordinarily  little  or  no  runK>ffi 

Tulare  Lake  has  frequently  been  under  discussion  as  a  source  of 
water  supply  for  irrigation.  The  following  facts  with  reference  to  the 
fluctuations  of  its  water  surface  will  be  of  interest  in  connection  with 
its  availability  for  this  purpose:  Li  1853,  after  several  wet  seasons, 
the  lake  was  fall,  though  probably  not  so  high  as  subsequently,  in  1862 
or  in  1868.  From  1853  until  1861  there  was  a  gradual  subsidence  of  the 
low- water  stage  of  the  lake.  The  rate  at  which  this  occurred  can  not 
now  be  determined.  In  the  fall  of  1861  the  water  surface  of  the  lake 
was  at  the  elevation  204  feet  above  sea  level  (low  water  of  Suisun  Bay), 
if  the  testimony  of  residents  at  the  lake  at  that  time,  in  reference  to  the 
rise  of  water  the  following  winter,  can  be  relied  upon.  The  unusually 
heavy  rainfall  of  the  winter  of  1861-62  caused  the  lake  to  rise  to  the 
highest  known  stage — ^220  feet*.  Its  area  was  increased  from  about  300 
to  about  800 ^square  miles,  and  300  billion  cubic  feet,  or  6,885,000  acre- 
feet,  of  water  were  added  to  its  contents.  It  continued  to  overflow  at 
least  until  the  spring  of  1863,  but  then  rapidly  fell  to  about  11  or  12 
feet  below  its  highest  stage,  which  was  its  condition  in  the  fall  of  1867. 
The  inflow  of  water  during  the  wet  winter  of  1867-68  again  brought 
the  lake  nearly,  if  not  quite,  to  the  high- water  stage  of  1861-62. 

The  water  surface  fluctuated  between  211  and  217  feet  in  the  years 
1872  to  1876,  then  receded  rapidly  to  the  lowest  known  stage — ^192  feet — 
in  November,  1883.  From  that  time  to  this  the  lake  has  not  received 
sufficient  water  to  cause  it  to  overflow.  It  is  generally  believed  that 
the  diversion  of  water  for  irrigation  purposes  from  Kern,  Tule,  KBweah, 
and  Kings  rivers  has  been  the  cause  of  the  decrease  of  water  volume 
in  the  lake,  but  this  is  not  true.  Although  such  diversion  must  pro- 
duce some  effect  on  the  lake,  the  evidence  that  protracted  low  stages 
preceded  the  low  stage  of  1883  is  conclusive.  On  the  northeastern 
shore  of  the  lake,  close  by  the  mouth  of  Mussel  Slough,  there  is  a  group 
of  tree  stumps  at  an  elevation  of  about  200  feet.  These  were  found  at 
the  water's  edge  in  1882.  G^iey  presented  the  appearance  of  having 
been  broken  off  at  a  height  of  3  to  4  feet  above  ground.    They  were 
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well  preserved  and  must  have  been  under  water  for  nearly  thirty  years 
sncceeding  the  high  stage  of  the  lake  of  1853.  These  statnps  are  a 
remnant  of  a  grove  of  willow  trees,  100  or  more,  some  of  which  had 
grown  to  a  diameter  of  4  feet.  It  wonld  not  have  been  possible  for 
these  trees  to  attain  sach  growth  if  the  lake  had  not  been  at  a  low 
stage  for  many  years  in  saccession  at  some  time  preceding  1853.  More- 
over, Indian  tradition  is  said  to  indicate  a  time  when  the  lake  was 
contracted  to  two  x>onds,  between  which  a  passage  from  the  east  to  the 
west  side  of  the  valley  was  possible. 

The  lowest  portion  of  San  Joaqoin  Yalley  is  but  slightly  elevated 
above  sea  level.  The  elevation  of  the  sorfiEtce  of  the  ground  is  from.  10 
to  20  feet  along  the  eastern  margin  of  the  main  body  of  snbmersible  land 
in  the  lower  end  of  the  valley.    Thence  the  trough  of  the  valley  Rontli- 


Fio.  1.— XulMe  Lake,  near  mouth  of  MoBsel  Sloagh,  1882. 

eastward  gradually  rises  to  214  feet  on  the  flat  saddle  below  Tulare  Lake. 
The  elevation  of  the  lowest  point  in  the  bottom  of  Tulare  Lake  is  about 
175  feet;  and  thence  there  is  a  rise  of  about  120  feet  to  the  outfall  point 
of  Buena  Yista  Lake.  This  lake  and  Kern  Lake  occupy  the  lowest  por- 
tions of  the  depression  above  the  Kern  Eiver  ridge,  and  their  beds  are 
at  the  elevation  of  285  feet. 

The  eastern  edge  of  the  valley  rises  from  an  elevation  of  110  feet, 
opposite  Stockton,  to  500  feet  southeastward  from  Bakersfield.  The 
slope  of  the  east-side  plain  is  from  the  hills  toward  the  valley  trough 
at  the  rate  of  5  to  10  feet  a  mile;  that  of  the  west-side  plain  is  some- 
what greater.  Except  for  the  bad-land  or  alkali  strip,  of  variable 
width,  which  flanks  the  submersible  lands  of  the  valley,  the  entire 
valley  may  be  considered  as  well  adapted  for  irrigation  so  far  as  soils 
and  physical  conditions  are  concerned. 
IBB  17 2 
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The  Division  of  Hydrography  of  the  United  States  Geological  Sar- 
vey  has  maintained  a  number  of  gaging  stations  in  San  Joaquin  Valley, 
and  has  published  some  of  the  results.^ 

The  important  streams  which  flow  into  San  Joaquin  Valley  are  all 
Sierra  ^N'evada  streams.  They  appear  in  small  capital  letters  in  the 
following  list  of  rivers  and  creeks  which  are  tributary  to  the  valley : 

__.__..  Area  ilraiiKMl,  in 

From  Tejon  Monntainw;  tqaaro  miles. 

TeJoQ  Creek 64 

Tecaya  Creek 40 

Arroyo  PUita 32 

SanEmidio  Creek 69 

From  the  Sierra  Nevada: 

Caliente  Creek 423 

Kbrn  River 2,345 

Pofio  Creek 289 

White  River 90 

Deer  Creek 110 

TULK  HlVEB 437 

Kaweah  River 619 

Kings  River 1,742 

San  Joaquin  River 1,637 

Fresno  River 272 

Chowchilla  Eiver 268 

Mariposa  Creek 122 

Bear  Creek 166 

Merged  River 1,076 

Tuolumne  River 1,501 

Stanislaus  River 1,051 

Calaveras  River •. 491 

MOKELUMNB  RiVER G57 

•    Dry  Creek 283 

CosuMNES  River 580 

From  the  Coast  Range : 

Los  Gatos  Creek 441 

Cantua  Creek 52 

Big  Panoche  Creek 289 

Little  Panoche  Creek 106 

Arro.vo  Ortigalitos 64 

Los  Banos  Creek 151 

San  Luis  Creek 88 

Romero  Creek 24 

Qainto  Creek 29 

Las  Garzas  Creek 57 

Orestimba  Creek 142 

Arroyo  de  la  Puerta 77 

Arroyo  de  los  Piedras 20 

Hospital  Creek 30 

Corral  Hollow  Creek 73 

Marsh  Creek 54 

» Twelfth  Ann.  Kept  U.  8.  G«ol.  Survey,  Part  II,  1881,  pp.  81«U.323,  Pis.  LXXX-LXXXVIII ;  Balletin 
No.  131,  ]895,pp.78>86;  Bulletin  No.  140,  1896.  pp.  256-314;  Eighteenth  Ann.  Kept.  IT.  S.  Genl.  Survey. 
Part  IV,  1807,  pp.  371-396;  Water-Snpply  and  Irrigation  Paper  No.  11, 1897,  pp.  9(M)2;  Wat«r-Supply 
and  Irrigation  Paper  No.  16, 1898,  pp.  187-192. 
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WATER  APPROPRIATION  AND  IRRIGATION  DISTRICTS. 

It  is  provided  in  the  oonstitatioii  of  the  State  of  California  adopted 
in  1878  that  '^the  use  of  all  water  now  appropriated,  or  that  may  here- 
after be  appropriated,  for  sale,  rental,  or  distribution ,"  is  a  public  use, 
subject  to  regulation  and  control  by  the  State,  and  that  water  rates 
are  to  be  fixed  annually  by  the  governing  bodies  of  counties  and 
municipalities. 

The  civil  code  of  the  State  says:  ^'The  right  to  the  use  of  running 
water  flowing  in  a  river  or  stream  or  down  a  canyon  or  ravine  may  be 
acquired  by  appropriation."  But  this  right  ceases  when  the  water 
ceases  to  be  applied  to  some  useful  or  beneficial  purpose.  As  between 
appropriators,  the  one  first  in  time  is  the  first  in  right. 

The  method  of  making  an  appropriation  and  of  giving  notice  of  the 
water  daim  is  thus  prescribed : 

.  .  .  person  desiring  to  appropriate  water  muat  poet  a  notioe,  in  writing,  in  a 
ewepicnoiiB  place,  at  the  point  of  intended  diversion,  stating  therein :  (1)  That  he 
claim*  the  water  there  flowing  to  the  extent  of  (giving  the  namber)  inches,  meas- 
ured under  a  foor-inch  pressure;  (2)  the  purposes  for  which  he  claims  it,  and  the 
plaoe  of  intended  nse;  (3)  the  means  by  whieh  be  intends  to  divert  it,  and  the  size 
of  the  flnme,  ditch,  pipe,  or  aqnednct  in  which  he  intends  to  divert  it.  A  copy  of 
the  notice  most,  within  ten  days  after  it  is  posted,  be  recorded  in  the  office  of  the 
recorder  of  the  connty  in  which  it  is  posted. 

But  the  mere  posting  and  recording  of  this  claim  to  water  confers  no 
right  upon  the  appropriator  unless,  within  sixty  days  after  the  notice 
is  posted,  the  construction  of  works  is  commenced  and  diligently  prose- 
cated  to  completion.  In  that  event,  and  in  that  only,  are  rights 
acquired,  which  then  relate  back  to  the  time  the  notice  was  posted. 
Moreover,  the  water  right  secured  under  the  notice  and  by  construc- 
tion of  works  should  not  be  considered  to  be  that  defined  in  the  notice^ 
wherein,  the  amount  named  is  often  absurdly  exaggerated,  or  may  be 
wholly  unintelligible;  but  regard  is  to  be  had  to  the  works  and  their 
capacity  as  actually  constructed  in  interpreting  the  language  of  the 
claim. 

Whole  volumes  have  been  filled  in  some  of  the  counties  of  this  State 
with  records  of  claims  to  water,  but  there  is  no  department  of  record — 
except  the  courts  in  cases  of  conflict— in  which  the  facts  relating  to 
date  of  ditch  or  canal  construction,  location,  dimensions,  and  capacity 
are  or  can  be  preserved.  Where  the  recollection  of  the  oldest  inhabit- 
ant is  often  the  only  source  of  information,  it  is  extremely  difficult  to 
trace  the  history  of  irrigation  works,  and  information  obtained  from 
owners  must  be  treated  with  some  caution. 

This  condition  of  public  records  in  the  matter  of  water  appropriation 
should  be  remedied  at  once.  The  State  needs  a  permanent  department 
whose  duty  it  will  be  to  determine  the  necessary  facts,  as  well  as  may 
be,  with  reference  to  every  water  appropriation  and  to  define  the  rights 
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of  the  several  appropriators.  There  are,  of  coarse,  many  other  duties 
with  which  such  a  department  might  be  charged,  bat  it  is  not  proposed 
to  enlarge  upon  the  matter  at  this  time. 

After  defining  the  method  of  appropriating  water,  as  above  explained, 
it  was  until  1887  farther  provided  in  the  civil  code  that  ^Hhe  rights  of 
riparian  proprietors  are  not  affected  by  the  provisions  of  this  title.^ 
Notwithstanding  the  repeal  of  this  particular  section  of  the  code,  all 
appropriations  of  water  must  necessarily  remain  subject  to  whatever 
rights  are  vested  in  the  bank-land  owners. 

The  first  attempt  to  combine  ownership  of  land  and  control  of  water 
for  irrigation  in  corporations  with  municipal  functions  appears  in  an  act 
to  promote  irrigation,  which  was  approved  by  the  governor  of  Califor- 
nia on  April  1, 1872.  This  act  was  a  precursor  of  the  irrigation-district 
law  now  in  force,  and  provided  for  the  formation  of  irrigation  districts 
on  petition  of  land  owners,  and  for  the  construction  of  works  with  money 
secured  by  assessment  of  benefits  upon  the  lands  in  the  districts.  The 
affairs  of  the  districts  were  to  be  managed  by  boards  of  trustees. 

This  law  was  restricted  in  its  operation  to  a  part  of  the  State,  and 
remained  practically  inoperative.  Four  years  later  a  special  law  was 
passed  authorizing  the  formation  of  the  <^West  Side  irrigation  dis- 
trict," for  which  elaborate  surveys  and  studies  were  made  and  which 
was  to  have  been  largely  dependent  upon  Tulare  Lake  as  a  source  of 
supply.  Notwithstanding  the  recommendation  of  its  engineers  and 
of  the  commissioners  in  charge  of  the  matter,  the  project  failed,  and 
district  control  of  water  for  irrigation  purposes  was  again  deferred  until 
the  Wright  law  (named  after  its  author,  Mr.  G.  G.  Wright,  of  Modesto) 
was  passed,  in  1887.  Much  has  been  hoped  from  this  new  law  author- 
izing the  formation  of  irrigation  districts.  The  prime  object  of  the  law 
is  to  unite  ownership  of  land  and  water.  It  is  provided  that,  upon  a 
petition  of  landowners,  lands  susceptible  of  irrigation  by  the  same  sys- 
tem of  works  may  be  included  within  the  boundaries  of  a  district, 
which,  upon  ratification  by  a  vote  of  the  electors  therein,  is  endowed 
with  municipal  functions  for  the  specific  purpose  of  securing  and 
distributing  water  for  irrigation. 

The  affairs  of  each  district  are  managed  by  a  board  of  directors, 
one  of  whom  is  elected  &om  each  of  the  five  divisions  into  which  the 
district  is  ordinarily  divided,  and  until  recently  amended  the  law 
required  that  each  director  must  be  a  resident  of  the  particular 
division  of  the  district  by  which  he  was  elected.  These  requirements 
have  recently  been  modified  to  the  extent  that,  on  the  basis  of  the 
petition  for  the  formation  of  the  district,  only  three  divisions  may  be 
formed,  and  that  the  election  of  the  directors  may  be  at  large.  This 
was  done  to  overcome  difficulties  encountered  in  finding  suitable 
persons  to  serve  as  directors  in  sparsely  settled  districts.  Powers  are 
conferred  upon  the  directors  to  do  everything  that  may  be  necessary 
to  carry  out  the  intent  of  the  law  and  to  secure  and  distribute  the 
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water  reqnired  for  their  re8x>ective  districts.  As  soou  as  the  probable 
cost  of  the  works  is  determined  they  fix  the  amount  of  bonds  necessary 
to  be  issned,  and  the  qaestion  of  bond  issue  is  submitted  to  the  qualified 
electors  of  the  district.  Work  on  district  canals  is  ordinarily  done 
by  contract,  but  may  also  be  done  by  day  labor.  It  was  originally 
prescribed  by  law  that  bonds  should  not  be  sold  at  less  than  90  per 
cent,  and  as  the  law  now  stands  no  sales  are  to  be  made  at  less  than 
par.  The  bonds  may  also  be  used  in  paying  for  completed  canals  and 
for  water  rights  and  rights  of  way,  but  are  not  to  be  used  for  defraying 
expenses  of  operation  and  management. 

Difficulties  were  soon  encountered  in  the  application  of  this  law. 
Almost  at  the  outset  it  was  found  that  when  the  exterior  boundaries 
had  been  fixed  by  the  county  supervisors  on  x>etition  of  landowners  and 
the  testimony  of  volunteer  witnesses,  there  was  no  certainty  that  cor- 
rect conclusions  had  been  reached,  and  the  irrigation  project  assumed 
to  be  feasible  in  advance  of  an  engineering  investigation  might  still  be 
grievously  at  fault.  When  taxes  were  to  be  collected  tor  meet  expenses 
of  examination  and  surveys,  active  opposition  often  became  manifest 
and  x)ayments  were  in  many  cases  greatly  delayed.  The  validity  of  the 
law  was  called  into  question  and  was  passed  upon  repeatedly  by  State 
courts,  and  finally  by  the  Supreme  Court  of  the  United  States,  which 
only  recently  rendered  the  decision  which  conclusively  established  its 
validity. 

Meanv^hile  many  of  the  districts  which  commenced  operations  under 
favorable  auspices  had  adopted  plans  and  issued  bonds  which  had 
been  offered  for  sale  with  more  or  less  success.  The  hope  that  fhll 
confidence  in  the  successful  operation  of  the  law  would  be  speedily 
established  and  that  the  6  per  cent  bonds  would  soon  sell  above  par 
was  not  realized,  and  despite  favorable  decisions  in  the  superior  courts, 
confirmatory  of  the  proceedings  in  individual  districts,  and  favorable 
action  by  the  supreme  court  of  the  State,  the  bonds  did  not  sell  readily. 
The  districts  that  had  been  most  active  in  pushing  the  work  on  their 
canals  then  found  themselves  in  a  somewhat  peculiar  position.  The 
construction  funds  maintained  by  the  proceeds  of  bond  sales  were 
depleted,  the  canals  and  structures  were  incomplete  and  of  no  use 
until  completed,  and  to  current  expenses  had  been  added  the  annual 
interest  and  sinking  fund  account  on  bonds  already  sold. 

It  is  hardly  surprising  that,  pending  a  final  decision  by  the  highest 
tribunal  of  the  country — a  decision  which  was  not  secured  until  nine 
years  after  the  enactment  of  the  law — every  resource  was  exhausted 
by  some  of  the  district  managements  to  continue  operations  and  to 
derive  benefit  from  completed  or  nearly  completed  works.  The  law 
requiring  bonds  to  be  sold  at  90  per  cent  or  more  was,  in  some  instances, 
evaded  by  selling  without  requiring  the  purchaser  to  guarantee  that 
bonds  would  be  taken  as  offered.  Contracts  were  then  awarded,  often 
without  more  than  nominal  competition,  and  at  rates  far  ^  of 
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cash  value,  it  being  generally  understood  that  the  money  paid  in  for 
any  block  of  bonds  quickly  returned  to  the  contractors,  in  exchange 
for  warrants  for  work  performed  or  material  furnished.  In  other  cases 
ditches  were  built  under  supervision  of  the  district  engineer  by  pri- 
vate parties,  and  after  completion  were  bought  by  the  irrigation  district 
for  bonds,  which  were  thus  legally  disposed  of  without  a  direct  sale. 
The  cost  of  works  under  such  conditions  necessarily  became  greater 
than  if  all  could  have  been  constructed  for  cash.  Sometimes,  too,  first 
estimates  of  cost  were  too  small  to  complete  the  system  of  works  even 
under  ordinary  conditions,  so  that  supplemental  bond  issues  had  to  be 
resorted  to,  or  will  yet  be  necessary,  to  complete  and  put  the  irrigation 
systems  into  service.       v 

It  is  found,  too,  that  the  introduction  of  water  into  a  new  district 
generally  brings  disappointment.  The  farmer  is  not  prepared  to  make 
immediately  full  use  of  the  water.  Its  mere  presence  in  the  main  canals 
and  laterals  is  not  a  guaranty  of  good  crops,  and  he  is  often  slow  to 
adapt  himself  to  the  new  methods  of  farming  that  become  necessary. 
So  the  burden  put  upon  the  farmer  in  the  shape  of  increased  taxation 
brings  no  quick  return,  and,  even  under  comparatively  favorable  con- 
ditions, dissatisfaction  is  likely  to  result. 

In  the  light  of  ten  years'  experience  the  conclusion  seems  justified 
that,  though  endeavoring  to  establish  a  correct  principle,  the  law  has 
not  been  uniformly  successful  in  its  operation.  State  supervision  by  a 
competent  board  of  public  works,  which  has  the  confidence  of  the 
people,  is  a  first  requirement.  This  supervision  should  not  be  a  mere 
nominfd  one,  but  district  boundaries  and  preliminary  plans  of  works 
should  emanate  from  a  department  of  that  character,  and  no  plans 
should  be  finally  adopted  without  its  approval.  Such  board  should 
serve  the  several  districts  at  least  in  an  advisory  capacity  when  required 
to  do  so,  thereby  guaranteeing,  as  far  as  may  be  possible,  an  adequate 
source  of  water  supply  and  an  adequate  canal  system.  The  bonds  of 
every  district  should  be  guaranteed  by  the  State,  and  all  bond  sales 
should  be  made  by  the  State,  so  that  district  construction  work  may 
always  be  done  on  a  cash  basis. 

Bond  issues,  after  being  declared  necessary  by  the  directors  of  any 
district,  are  voted  upon  by  the  qualified  electors  of  the  district. 
Operations  under  the  law  would  have  been  safer  and  would  have  com- 
manded greater  confidence  if  the  right  to  vote  on  all  questions  involv- 
ing the  expenditure  of  money  or  the  incurring  of  an  indebtedness 
could  have  been  restricted  to  the  landowners  or  the  taxpayers  of  each 
district.  The  question  of  material  benefit  would  in  most  cases  be  safer 
in  their  hands  than  if  left  to  a  popular  vote,  which,  as  the  law  now 
stands,  is  often  largely  cast  by  a  floating  population. 

Under  the  district  law  the  operating  expenses  are  raised  either  by 
the  levying  of  an  assessment  (which  must  be  ratified  by  a  vote)  or  by 
charges  established  by  the  directors  for  the  use  of  the  water. 
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There  are  several  irrigation  districts  in  San  Joaqnin  Valley  in  which 
canal  systems  have  been  brought  into  actual  service,  but,  as  above 
intimated,  the  operation  of  the  system  does  not  give  general  satisfac- 
tion. The  irrigation  districts  of  the  great  central  valley  of  California 
are  here  briefly  enumerated.  Those  of  San  Joaquin  Valley  will  again 
be  taken  up  and  treated  more  fully  in  connection  with  the  irrigation 
works  dependent  ui)on  a  common  source»of  supply. 

Kraft  irrigation  district, — ^This  is  the  most  northerly  of  the  several 
districts  in  Sacramento  Valley,  and  is  situated  on  the  north  side  of 
Stony  Creek.  It  was  organized  in  1888.  Its  area  is  13,500  acres. 
Stony  Creek  was  to  be  the  source  of  supply,  and  bonds  to  tbe  extent  of 
$80,000  were  voted.  Ko  bonds  were  sold,  all  debts  were  paid,  and  no 
further  action  under  the  law  is  contemplated. 

Orland  South  Side  irrigation  district. — ^This  district,  in  Sacramento 
Valley,  was  organized  in  1888  and  is  situated  on  the  south  side  of 
Stony  Creek,  directly  opposite  Kraft  district.  It  has  an  area  of  about 
26,000  acres  and  was  to  be  dependent  upon  Stony  Creek  for  a  water 
sapply.  No  bonds  were  sold,  although  (100,000  had  been  voted.  The 
district  organization  is  dead. 

Central  irrigation  district, — This  is  the  most  important  district  in 
Sacramento  Valley.  It  extends  southerly  from  near  Stony  Creek  lor  a 
distance  of  about  40  miles,  being  situated  on  the  west  side  of  the  val- 
ley, between  the  base  of  the  Coast  Bange  foothills  and  the  valley 
trough,  and  having  an  average  width  of  about  4  miles.  Its  area  is 
166,550  acres.  Sacramento  Biver  is  the  contemplated  source  of  sup- 
ply. The  district  was  organized  in  1887.  Estimated  cost  of  works, 
not  including  rights  of  way  or  litigation,  was  $538,000.  Bonds  were 
issued  to  the  extent  of  $750,000,  of  which  about  $200,000  remain 
unsold.    "So  work  has  been  done  since  1891. 

Colusa  irrigation  district, — This  is  a  Sacramento  Valley  irrigation 
district,  which  has  remained  inactive.  .  It  was  organized  in  1888,  on  tbe 
west  side  of  Sacramento  Biver,  intermediate  between  the  river  and 
Central  district.  Its  area  is  abotit  100,000  acres,  and  the  bonds  voted 
were  $600,000,  but  no  bonds  were  sold.  The  proposed  source  of  water 
supply  was  Sacramento  Biver,  it  being  intended  to  use  the  upper  sec- 
tion of  a  main  canal  in  common  with  Central  irrigation  district. 

College  City  irrigation,  district  (proposed), — ^This  was  to  be  a  third 
district,  dependent  ui)on  the  canal  which  was  to  divert  water  irom 
Sacramento  Biver  for  Central  district.  Its  organization  was  under 
contemplation  in  1889,  but  it  failed.  It  wa«.  practically  a  proposed 
southward  extension  of  Central  district. 

Browns  Valley  irrigation  district, — This  irrigation  district,  organized 
in  1888,  is  situated  in  the  foothills  of  the  Sierra  ^Nevada,  on  the  east 
side  of  Sacramento  Valley.  It  has  an  area  of  43,000  acres.  Water  for 
its  irrigation  is  diverted  from  Yuba  Biver.    The  bonds  voted  and  sold 
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amoant  to  $110,000.    The  irrigatiou  system  was  completed  and  is  in 
service. 

Modesto  irrigation  district — This  district  is  sitaated  in  San  Joaqnin 
Valley,  between  Stanislaus  and  Tnolnmne  rivers.  It  was  organized  in 
1887  with  an  area  of  about  120,000  acres.  To  cnt  down  cost  of  works 
necessary  for  its  irrigation  this  area  was  reduced  to  81,500  acres  by  omit- 
ting high  uplands  in  t^e  northeastern  iK>rtion  of  the  original  district 
After  protracted  conferences  with  Turlock  district  an  arrangement  was 
entered  into  whereby  the  two  districts  were  to  construct  a  great 
masonry  weir  or  diverting  dam  in  Tuolumne  Biver  in  common,  the  cost 
of  which  was  to  be  apportioned  to  the  two  districts  in  equal  shares. 
The  district  voted  bonds  to  the  amount  of  $800,000  in  1888,  which  have 
all  been  disposed  of.  A  fiirther  bond  issue  of  $350,000  has  been  voted 
to  complete  the  main  canal  and  to  construct  distributaries. 

Turlock  irrigation  district — This  irrigation  district  is  situated  on  the 
south  side  of  Tuolumne  Biver  and  embraces  the  greater  portion  of  the 
upland  or  east-side  plain  of  San  Joaquin  Valley  between  Tuolumne 
and  Merced  rivers,  of  which  the  former  is  to  be  the  source  of  water 
supply.  It  has  an  area  of  176,000  acres.  Bonds  to  the  amount  of 
$600,000  were  voted  soon  after  the  organization  of  the  district,  in 
1887,  and  construction  work  was  actively  pushed.  A  second  issue  of 
bonds,  to  the  amount  of  $600,000,  was  found  necessary,  and  the  main 
canals  will  probably  be  completed  within  a  reasonable  time. 

Madera  irrigation  district — ^This  district,  organized  in  1888,  is  sit- 
uated on  the  east  side  of  San  Joaquin  Valley  to  the  north  of  San 
Joaquin  Biver.  Its  area  is  305,000  acres.  San  Joaquin  Biver  was  to 
supply  water  for  the  district.  Bonds  to  the  amount  of  $850,000  were 
voted,  but  none  were  sold.  After  much  litigation  it  was  finally 
decided  to  abandon  all  further  proceedings  under  the  district  organi- 
zation. 

Selma  irrigation  district — The  lands  watered  by  Fowler  Switch  and 
Oenterville  and  Kingsburg  canals  have  been  united  in  Selma  irrigation 
district.  They  are  situated  on  the  east*  side  San  Joaqnin  Valley  plain, 
on  the  north  side  of  Kings  Biver.  It  was  proposed  to  acquire  by  pur- 
chase the  two  canals  mentioned.  The  district  was  organized  in  1890. 
Bonds  were  to  be  issued  to  the  amount  of  $1,000,000,  but  this  bond 
'issue  was  twice  defeated. 

Alta  irrigation  district — ^This  district  is  situated  on  the  south  side 
of  Ejngs  Biver,  and  has  an  area  of  130,000  acres.  It  was  organized 
in  1888,  and  bonds  to  the  amount  of  $675,000  were  voted,  of  which 
$410,000  were  paid  for  the  << Seventy-six"  canal  system,  which  has 
thus  become  the  district  canal.  Its  water  comes  from  Kings  Biver. 
Permanent  head  works  and  a  number  of  distributing  canals  are  yet 
to  be  constructed. 

Tulare  irrigation  district — ^This  district  lies  in  the  delta  of  Kaweah 
Biver,  encompassing  the  town  of  Tulare.    It  was  organized  in  1889,  and 
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has  au  area  of  39,200  acres.  Bonds  to  the  amoantof  $500,000 werevoted, 
of  which  about  $300,000  were  paid  for  existing  canals,  reservoir  site, 
and  water  rights,  and  the  remainder  went  toward  the  construction  of 
branch  canals.    Kaweah  Biver  is  the  source  of  water  supply. 

Tule  River  irrigation  district. — This  district  is  situated  in  the  delta  of 
Tale  Biver.  Bonds  were  originally  voted  to  the  extent  of  $00,000,  and 
a  second  issue  of  $10,000  soon  followed.  This  district  was  organized  in 
1891.  It  has  an  area  of , about  22,000  acres  and  takes  water  from  Tule 
Eiver.* 

Tipt&n  irrigation  district — This  district  is  situated  to  the  south  of 
Tule  Biver,  from  which  it  was  to  be  supplied  with  water.  The  bonds 
voted  amount  to  $50,000.  These  bonds  and  unpaid  warrants  to  the 
amount  of  $15,000  were  necessary  to  complete  a  canal  system,  which  is 
temporarily  out  of  service  by  order  of  the  court. 

Poso  irrigation  district — ^This  is  another  of  the  east-side  San  Joaquin 
Valley  districts.  It  is  situated  in  Kern  County,  northward  from  Kern 
Eiver,  on  the  north  side  of  Poso  Greek,  which  is  its  source  of  water 
supply.  It  has  an  area  of  40,000  acres,  and  bonds  were  voted  to  the 
amount  of  $500,000.  It  is  one  of  the  districts  in  which  land  is  almost 
valueless  without  irrigation.  Its  sparse  population  is  indicated  by  the 
fact  that  only  24  votes  were  cast  on  the  question  of  district  organiza- 
tion, and  only  35  on  the  bond  issue.  Works  are  still  incomplete,  though 
a  portion  of  the  district  has  water.    All  bonds  have  been  disposed  of. 

Kern  and  Tulare  irrigation  district — ^This  district  lies  in  Kern  and 
Tulare  counties.  It  was  organized  in  1890,  and  was  to  have  been  sup- 
plied with  water  diverted  from  Kern  Biver.  Its  area  is  84,300  acres. 
The  bonds  voted  amounted  to  $700,000.  Although  about  $40,000  were 
expended  in  preliminary  work,  there  has  been  no  canal-construction 
work  done  by  the  district. 

Huron  irrigation  district — ^This  is  a  west-side  district,  situated  near 
the  base  of  the  Coast  Bange  foothills,  to  the  northwest  of  Tulare  Lake. 
The  district  was  organized  in  1891,  and  was  to  be  irrigated  with  water 
developed  largely  from  the  sabsurface  flow  of  Los  Gatos  Creek.  It 
has  sold  no  bonds,  and  no  construction  work  has  been  done. 

Sunset  irrigation  district — ^This  is  a  very  large  district,  embracing  a 
long,  narrow  strip  of  land  on  the  west  side  of  San  Joaquin  Valley.  It 
extends  northward  from  Talare  Lake  about  60  miles,  and  has  an  area 
of  363,400  acres.  It  was  organized  in  1889.  Bonds  were  voted  to  the 
amount  of  $2,000,000,  and  some  of  these  have  been  issued  in  return  for 
water  rights  and  rights  of  way.  A  contract  has  been  let  aggregating 
$1,500,000  for  the  construction  of  its  works,  and  operations  under  it 
were  to  begin  soon  after  a  favorable  decision  on  the  district  law  by  the 
Supreme  Court  of  the  United  States.  It  is  understood  that  the  con- 
tractor is  now  ready  to  proceed  under  his  contract. 
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METHODS  OF  IRRIGATION. 

Although  water  was  used  for  the  irrigation  of  mission  gardens  in 
California  more  than  one  hundred  years  ago,  irrigation  may  still  be 
regarded  as  a  new  art  in  this  State.  Irrigation  development  was  not 
rapid  until  within  the  last  twenty  years,  and  methods  of  irrigation  are 
the  result  in  most  cases  of  attempts  to  adapt  to  local  conditions  the 
methods  in  use  elsewhere.  There  was  no  incentive  at  the  outset  to 
prevent  waste,  so  that  the  method  adopted  was  very  often  determined 
by  first  cost  of  land  preparation.  As  the  duty  of  water  was  gradually 
raised  and  the  supply  allotted  per  acre  of  land  became  smaller,  more 
attention  was  given  to  the  method  of  use,  and  particularly  to  the 
reduction  of  waste.  The  degree  of  attention  which  the  suppression  of 
waste  receives  depends  also  upon  the  value  of  the  products  of  the  soil. 
This  has  led  to  the  introduction  of  extensive  pipe  systems  in  southern 
counties  of  the  State  for  water  distribution  to  irrigators,  as  well  as  its 
delivery  on  individual  tracts  at  the  exact  spots  where  wanted  for  use. 
But  in  San  Joaquin  Valley,  where  the  volumes  of  water  under  con- 
trol are  larger  and  cultures  are  generally  on  a  lower  scale  of  value 
than  farther  south,  the  use  of  pipes  is  still  out  of  the  question.  The 
methods  here  adopted  are  more  or  less  perfectly  adapted  to  the  pecul- 
iarities of  climate,  soil,  and  physical  features  of  the  tracts  irrigated, 
but  vary  within  wide  limits  according  to  the  caprice  of  the  individual 
irrigators. 

The  methods  of  irrigation  in  San  Joaquin  Valley  may  be  classified 
as  follows: 

Irrigation  by  flooding. 

Irrigation  from  furrows. 

Irrigation  by  saturation  of  subsoils. 

Irrigation  from  subsurface  conduits. 

Cereals  are  generally  irrigated  by  flooding  or  by  saturation  of  sub- 
soils, sometimes  by  the  furrow  method ;  alfalfa  is  irrigated  by  flooding 
or  by  saturation  of  subsoils;  fruits  and  vines  are  irrigated  by  any  of 
the  methods  enumerated;  and  vegetables,  generally  from  furrows. 

Wild  flooding. — Water  is  made  to  escape  over  the  banks  of  small 
ditches  constructed  on  the  highest  ground,  and  is  controlled  in  its  flow 
over  the  surface  to  be  irrigated  by  attendants.  The  supply  ditch  is 
either  at  the  highest  margin  of  the  tract  to  be  irrigated  or  follows 
along  ridge  summits.  Water  is  turned  &om  it  into  irrigating  ditches, 
which  are  usually  very  shallow  depressions  with  flat  embankments  on 
their  lower  sides,  over  which  the  water  flows  in  a  thin  sheet.  It  is 
-controlled  as  much  as  possible  by  attendants,  who  try  to  force  it  over 
the  entire  surface  intermediate  between  irrigating  ditches.  Surplus 
water  accumulates  in  the  lower  ditches  and  is  used  again.  The  prepa- 
ration of  the  ground  for  irrigation  by  wild  flooding  is  very  inexpen- 
sive, but  the  cost  of  applying  the  water,  owing  to  constant  attendance 
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reqaired,  is  relatively  great.  One  attendant  is  expected  to  irrigate 
from  1  to  2  acres  a  day.  The  irrigating  ditches  and  their  embank- 
ments are  nsnally  so  flat  that  they  do  not  interfere  with  farming  oper- 
ations. This  method  of  irrigation  is  to  be  regarded  as  somewhat 
primitive  and  is  used  but  little. 

Flooding  in  contour  checks, — The  land  to  be  irrigated  is  divided  into 
compartments  or  checks,  each  of  which  is  entirely  sarronnded  by 
embankments  of  earth.  The  principal  embankments  follow  contour 
lines,  the  vertical  distance  from  one  contour  levee  to  the  next  being 
uniform.  The  contour  interval  usually  selected  is  6  to  9  inches,  rarely 
so  great  as  1  foot.  It  depends  in  all  cases  upon  the  surface  slope  of 
the  ground  to  be  prepared  for  irrigation,  and  should  be  less  than  6 


Fig.  2.— WUd  flooding. 

inches  if  the  ground  is  sufficiently  flat  to  permit  such  an  arrangement 
without  making  the  individual  checks  too  small.  For  ground  on  a 
slope  that  would  require  levees  more  than  1  foot  apart  in  elevation 
some  other  method  of  irrigation  should  be  adopted.  The  strips  of  land 
between  the  contour  levees  are  subdivided  by  cross  levees  into  com- 
partments of  convenient  size,  which  are  generally  called  "checks.'^ 
Their  area  should  vary  according  to  the  volume  of  water  available,  a 
good  rule  for  porous  soils  being  not  to  exceed  one-fourth  of  an  acre  for 
each  second-foot  when  a  large  head  of  water  is  available,  and  to  make 
half  an  acre  per  second-foot  the  limit  for  a  small  supply. 

Water  is  supplied  to  the  several  checks  in  turn  from  highest  to  low- 
est in  each  series  between  cross  levees.    The  irrigating  ditch  which 
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leads  off  from  the  sapply  canal  is  usaally  carried  in  the  direction  of 
greatest  slope,  catting  the  several  contour  levees  nearly  at  right  angles. 
Irrigation  commences  by  turning  a  fall  head  of  water  into  the  upper 
check  upon  one  side  of  the  irrigating  ditch.  This  should  be  filled  in 
from  one  to  six  hours.  In  the  full  check  water  should  be  barely  over 
the  highest  portion  of  the  ground,  but  6  inches  to  1  foot  deep  in 
the  lowest  portion  of  the  check,  according  to  contour  interval.  The 
contour  levee  should  have  its  top  about  half  a  foot  above  the  water 
surface  of  a  full  check.  When  the  upper  check  is  entirely  submerged, 
gates  are  opened  from  the  irrigating  ditch  into  the  next  lower  check, 
those  admitting  water  to' the  upper  check  are  closed,  and  one  or  more 


KtAI/^ 


CANAi. 


^ONTOuff  "'  'UnH 


^:^:!^^. 


l***««Ml&&^^^ 


1  Y  li 


'**'""**m,^>*^. 


"*»». 


N.X 


"^ 


||riimiii 

8 


Fxo.  3.— Flooding  in  oontonr  ohecka. 

gates  in  the  contour  levee  between  the  two  checks  are  opened  to  per- 
mit the  surplus  water  from  the  first  to  drain  into  and  assist  in  submerg- 
ing the  second  one.  This  will  require  less  time  to  fill  than  the  first, 
because  the  supply  of  water  from  the  ditch  is  augmented  by  the  run- 
off from  the  upper  check. 

The  irrigating  ditches  frequently  replace  cross  levees,  so  that  water 
can  be  admitted  to  a  check  from  both  sides  at  once. 

When  the  average  time  required  to  fill  checks  on  sandy  soils  exceeds 
three  hours,  it  may  generally  be  assumed  that  water  is  wasted;  either 
the  checks  are  too  large  or  there  is  not  enough  water  turned  in.  Heavy 
soils,  however,  do  not  take  up  water  rapidly,  and,  aside  from  requir- 
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ing  more  time  to  absorb  water,  they  do  not  permit  its  flow  to  subsoils 
so  readily  as  do  sandy  soils,  consequently  more  time  may  be  allowed  to 
fill  a  check  in  clayey  soil  without  undue  waste.  Twenty-four  hours 
should  be  regarded  as  the  permissible  limit. 

Ohecks  are  occasionally  very  large.  One  was  ibund  in  service  under 
the  Calloway  Canal  having  an  area  of  60  acres.  The  water  supplied  to 
it  was  reported  to  have  been  as  great  as  250  second-feet  Such  areas 
in  one  check  are  never  advisable  and  are  merely  temporary  features  of  a 
growing  system.  Eight  to  10  acre  checks  are  large,  and  those  of  2  to 
5  acres  are  generally  preferred. 

Embankments  around  the  checks  may  be  either  permanent  or  temx>o- 
rary.  The  latter  are  rare.  Permanent  check  levees  are  made  of  two 
types,  either  with  very  steep  sides  and  narrow  tops,  so  as  to  occupy  as 
little  space  as  possible,  or  very  broad  and  flat,  so  as  not  to  interfere 
with  farming  operations.  The  flat  embankment  becomes  a  part  of  the 
cultivated  area  and  generally  is  the  most  productive  part  of  the  irri- 
gated field.  It  is  constructed  by  scraping  up  material  from  a  broad 
area  on  both  sides  if  the  ground  is  nearly  level,  or  from  the  lower  side 
only  if  the  ground  is  comparatively  steep.  The  cost  of  preparing  land 
for  this  method  of  irrigation  in  x>ermanent  checks  ranges  from  $2.50  to 
$5  per  acre,  the  cost  of  the  necessary  distributing  canals,  ditches,  aud 
structures  i^m  $3  to  $5  -per  acre.  These  figures,  of  course,  may  be 
greatly  exceeded  if  the  ground  has  too  great  a  slope  or  is  very  much 
broken  by  hogwallows,  or  swales  and  ridges.  Irrigation  by  this  method 
is  much  less  expensive  than  by  wild  flooding.  The  only  work  required 
of  attendants  is  the  opening  and  closing  of  gates  and  the  guarding  of 
the  check  levees.  When  ground  is  well  prepared  for  this  method  of 
irrigation  and  the  supply  of  water  is  abundant,  the  cost  of  each  appli- 
cation of  water  will  range  from  3  to  30  cents  -per  acre.  The  best 
examples  of  irrigation  by  this  method  are  found  on  Kern  Island;  under 
Calloway  Canal;  on  Buena  Vista  farm,  watered  by  the  Kern  Valley 
Water  Company's  canals;  near  Borden  and  Madera;  on  the  Eiverside, 
Columbia,  and  Chowchilla  ranches,  irrigated  by  the  Chowchilla  Canal; 
on  the  west  side  of  the  San  Joaquin,  under  the  San  Joaquin  and  Kings 
Biver  Canal;  and  at  various  other  points. 

Flooding  in  rectangular  checkSj  not  level. — ^The  subdivision  into  com- 
partments of  the  land  to  be  irrigated  is  carried  out  on  straight  lines, 
and  levees  are  built  on  these  lines.  The  subdivision  may  be  planned 
with  some  regard  to  the  direction  of  the  contour  lines  and  lines  of 
greatest  slope,  or  these  may  be  entirely  ignored.  The  advantage  of 
this  system  over  subdivision  or  contour  lines  is  better  conformity  with 
property  limits  and  culture  borders,  but  it  has  many  disadvantages 
when  the  surface  of  the  ground  is  not  very  smooth.  Levees  are  not 
uniform  in  dimension,  as  is  the  case  with  the  principal  levees  under  the 
contour  system.  It  is  difficult  to  avoid  leaving  low  spots,  which  inter- 
fere with  thorough  drainage,  and  the  first  cost  of  land  preparation  is 
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generally  somewhat  greater  than  when  oontour  levees  are  used.  Th6 
method  of  applying  water  is  sabstautially  the  same  as  in  the  case  of 
oontoor-check  irrigation.  Flooding  progresses  in  the  direction  from 
highest  to  lowest  ground. 

A  good  example  of  this  method  of  irrigation  is  to  be  seen  on  the 
Kohler,  West  &  Mintorn  tract,  near  Mintnrn.  The  soil  is  a  light, 
sandy  loam,  underlain  by  a  hardpan,  which  is  near  the  surface  at  the 
eastern  limit  of  the  tract,  but  which  dips  westward.  The  soil  water  is 
about  14  feet  below  the  surface.  When  irrigation  is  in  progress 
with  a  fiill  head  of  water  (about  16  second-feet  is  so  considered  by  its 
owners),  six  men  are  required  to  manipulate  gates  and  guard  check 
levees.    These  attendants  work  in  two  shifts  of  three,  each  for  twelve 
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hours.  The  progress  made  is  at  the  rate  of  about  20  acres  a  day. 
On  the  same  tract  some  land  is  subdivided  on  the  contour  plan. 
Where  this  is  the  case  the  rate  of  progress  is  nearly  twice  as  great, 
but  this  difference  in  the  duty  of  water  is  not  to  be  ascribed  solely  to 
the  method  of  irrigation;  the  rectangular  checks  are  in  the  western 
portion  of  the  tra(;t,  where  soil  is  lightest  and  deepest,  and  where  duty 
of  water  is  naturally  least. 

Flooding  in  level  checks, — The  surface  of  the  ground  in  each  compart- 
ment is  made  perfectly  level  and  smooth.  In  such  cases  the  check 
levees  are  low.  Checks  are  made  small  to  reduce  cost  of  land  prepara- 
tion.   The  amount  of  material  to  be  moved  when  the  original  surface  is 
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smooth  iBcreases  with  the  square  of  the  dimension  of  the  checks  in  the 
direction  of  greatest  slope.  All  checks  are  usaally  made  rectangular. 
Land  preparation  for  this  method  of  irrigation  is  always  expensive, 
but  where  the  surface  needs  special  treatment,  as  in  the  ease  of  the 
knoUy  or  <<  hog  wallow"  lands,  the  excess  of  cost  over  other  methods  is 
inconsiderable.  The  first  irrigators  near  Fresno  adopted  this  method, 
and  it  has  long  remained  in  favor  in  that  locality.  The  first  applica- 
tion of  water  was  often  accompanied  by  peculiar  phenomena,  notably  in 
the  nature  of  an  irregular  surface  settlement,  due  in  part  to  a  copious 
flow  from  the  surface  into  subsoils,  which  often  caused  a  general  break- 
ing down  of  the  surface.  In  refilling  the  depressions  caused  by  the  first 
wetting  a  level  plane  was  established  for  each  check,  regardless  of  the 
nature  of  the  crop  to  be  irrigated,  and  this  system  of  leveling  the 
ground  in  each  check  has  become  a  characteristic  feature  of  irrigation 
near  Fresno. 

The  area  of  the  checks  is  made  small,  generally  less  than  1  a^e, 
usually  one-quarter  to  one-half  acre.  Water  is  admitted  to  the  several 
checks  from  small  irrigating  ditches,  and  is  shut  oft*  as  soon  as  it  has 
spread  over  the  whole  suiface  of  each.  There  is  ordinarily  no  drain- 
age &om  level  checks.  All  water  admitted  to  each  is  allowed  to  sink 
into  the  soil.  Not  more  than  three  hours  should  be  required  to  fill  a 
check  with  water,  soil  being  ordinary  sandy  loam.  If  more  time  is 
required  the  supply  of  water  should  be  increased  or  the  size  of  the 
check  should  be  reduced. 

In  1882  an  irrigator  near  Fresno  was  observed  irrigating  four  small 
checks  of  alfalfa.  His  water  supply  was  small,  only  2.26  second-feet. 
Instead  of  turning  all  the  water  in  turn  into  the  several  checks,  he 
apiK>rtioned  it  to  the  four,  and  the  time  to  fill  them  was  ten  hours, 
whereas  not  more  than  an  hour  apiece  would  have  been  required  had 
they  been  filled  one  after  the  other. 

The  cost  of  preparing  land  for  this  method  of  irrigation,  including 
the  necessary  small  ditches  and  gates,  ranges  from  about  $15  to  (50 
per  acre.  The  cost  of  applying  water  is  inexpensive.  The  attendant 
in  charge  usually  has  time  for  other  work,  it  being  ordinarily  only 
necessary  to  turn  the  water  oft'  and  on. 

Flooding  between  parallel  levees, — This  is  a  recent  modification  of  the 
primitive  system  of  wild  flooding,  especially  adapted  to  such  cultures  as 
alfalfa  and  growing  cereals.  Low  parallel  embankments,  generally  50 
to  100  feet  apart,  are  constructed  in  the  direction  of  the  land's  greatest 
slope.  Water  is  delivered,  at  the  upper  end  of  a  strip  of  laud  between 
two  of  these  embankments,  into  a  ditch  whose  downstream  bank  is 
usually  raised  slightly  above  the  general  surface  of  the  ground,  and  is 
made  level.  Enough  water  is  admitted  to  this  ditch  to  cause  an  over- 
flow of  1  to  2  inches  over  this  bank,  and  this  overflow  is  maintained 
until  water  reaches  the  lower  end  of  the  strip  of  land.  Ordinarily  the 
water  .will  spread  from  levee  to  levee.     If  it  shows  too  great  tendency 


32  IRRIGATION  NEAR   BAKERSFIELD,    CALIFORNIA.  [vo.l7. 

to  concentrate  on  fixed  lines,  and  fails  to  spread,  it  is  intercepted  with 
other  ditches  or  depressions  similar  to  the  one  at  the  head  of  the  strip 
of  land,  and  the  flow  from  levee  to  levee  again  becomes  uniform. 

All  embankments  are  ordinarily  very  low  and  flat,  so  that  farming 
operations  will  not  be  interfered  with.  The  cost  of  land  preparation 
for  this  method  is  about  $5  to  $10  per  acre. 

Furrow  irrigation. — ^The  method  of  irrigation  by  running  water  in 
furrows  or  small  temporary  ditches  made  with  the  plow  is  a  common 
one  in  San  Joaquin  Valley.  It  is  the  method  generally  adopted  for  the 
irrigation  of  fruits,  vines,  vegetables,  hops,  or  other  cultures  usually 
arranged  in  parallel  rows.  Water  is  allowed  to  flow  in  furrows,  from 
which  it  sinks  into  the  soil,  being  most  readily  absorbed  by  the  upper 
layers  which  have  been  loosened  by  plowing.  Occasionally  drainage 
is  combined  with  furrow  irrigation;  more  frequently,  however,  no  atten- 
tion is  paid  to  drainage,  the  aim  being  to  supply  to  each  furrow  only 
the  amount  of  water  that  will  be  absorbed  by  the  soil.  The  flooding 
of  portions  of  the  ground's  surface,  as  by  the  furrow  methods,  compacts 
the  soil,  thereby  facilitating  the  return  of  moisture  from  below  the 
surface,  where  it  evaporates.  To  destroy  the  capillary  action  of  the 
surface  layer,  it  is  necessary  to  use  the  hoe  or  some  other  implement 
before  it  becomes  too  dry  and  baked. 

Furrow  irrigation  of  cereals. — Oereals  are  not  ordinarily  irrigated  by 
the  furrow  method,  but  this  method  of  rapidly  supplying  moisture  to  a 
grain  field  not  specially  prepared  for  irrigation  has  often  been  resorted 
to  when  conditions  seemed  to  justify  a  special  effort  to  save  a  parching 
crop.  Sometimes,  too,  land  is  wet  in  the  fall  of  the  year,  before  sowing, 
by  this  method. 

If  the  slope  of  the  ground's  surfie^ce  be  not  too  great  the  furrows, 
which  are  generally  deep,  single  plow  fhrrows,  are  run  in  the  direction 
of  the  slope.  They  are  placed  8  to  12  feet  apart,  according  to  the 
porosity  of  the  soil.  Water  is  admitted  into  them  from  small  ditches, 
generally  crossing  them  at  intervals  of  100  to  200  yards.  The  irrigation 
commences  at  the  highest  part  of  the  field.  Water  is  admitted  into  a 
number  of  furrows  at  the  same  time,  and  the  flow  is  checked  or  aided 
in  each  by  an  attendant,  so  as  to  keep  progress  uniform  and  to 
accomplish  a  general  soaking  of  the  ground's  surface.  This  system  of 
irrigation  involves  much  labor  and  careful  watching.  It  is  relatively 
expensive.  Should  the  surface  of  the  ground  have  too  great  slope,  the 
plow  furrows  are  drawn  across  the  direction  of  greatest  slope  on  pre- 
determined grade  lines.  As  soon  as  irrigation  is  complete  the  furrows 
are  plowed  in,  so  that  they  may  not  interfere  with  farming  operations. 

Furrow  irrigation  of  permanent  cultures. — The  usual  method  of  irri- 
gating trees,  vines,  or  plants  set  out  in  rows  is  to  allow  water  to  flow 
between  the  rows  in  plow  furrows  or  small  ditches.  When  rows  are  fietr 
apart,  two  or  more  furrows  are  drawn  between  rows ;  ordinarily,  how- 
ever, one  deep  frirrow  between  each  two  rows  is  preferred.    The 
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direction  of  farrows  is  not  always  restricted  to  that  of  rows  of  trees, 
etc.,  bat  may  be  determined  by  other  considerations,  sach  as  slope  of 
the  ground's  sarface.  Small  ditches  sarrounding  individual  trees  or 
plants  are  sometimes  connected  with  the  irrigation  farrows.  It  is 
better  to  prevent  the  water  from  standing  around  trunks  of  trees,  but 
no  rigid  rule  can  be  laid  down;  the  spacing  of  irrigation  furrows  is 
governed  by  the  character  of  the  soil  to  be  irrigated,  and  is  determined 
for  each  locality  by  experience. 

Water  is  usually  turned  into  a  number  of  the  irrigation  furrows  at 
the  same  time.  At  the  lower  end  it  may  be  received  into  a  drain  ditch 
which  carries  it  ofi'  for  further  use.  The  time  required  for  irrigation 
from  each  furrow  is  somewhat  indefinite,  but  the  endeavor  is  always 
made  not  to  let  water  flow  longer  than  may  be  necessary  to  give  a 
reasonable  supply  td  the  soil.  The  several  furrows  are  generally  less 
than  300  feet  long.  Irrigation  progresses  from  highest  to  lowest  por- 
tion of  the  tract  to  be  irrigated.  This  method  of  irrigation  is  in  general 
use  without  regard  to  character  of  soil,  but  gives  particularly  good 
results  on  comparatively  heavy  soils  which  do  not  absorb  water  rapidly. 
When  soils  are  porous  and  take  water  from  the  furrows  freely,  the 
furrows  are  kept  shorter  than  in  heavier  soils. 

Furrow  irrigation  in  level  checks. — When,  a  few  years  ago,  it  was 
feared  that  the  ravages  of  the  phylloxera  might  Extend  into  the  vine- 
yards of  Fresno  County,  it  was  deemed  advisable  by  some  vineyardists 
to  set  out  all  vines  in  checks  which  could  be  completely  submerged. 
Fortunately  such  submersion,  to  combat  the  phylloxera,  has  never 
become  necessary.  But  the  preparation  of  the  ground  for  flooding  in 
checks  led  to  a  new  method  of  applying  water  to  the  land.  From  a 
supply  ditch,  water  is  admitted  into  a  small  ditch  upon  one  side  of  each 
check,  and  from  this  small  ditch  it  enters  deep  horizontal  furrows 
whi^h  have  been  drawn  between  each  two  rows  of  vines.  As  soon  as 
water  has  filled  all  the  furrows  irrigation  is  complete,  and  the  accumu- 
late4  water  is  allowed  to  sink  into  the  ground.  No  drainage  is  com- 
bined with  this  method  of  applying  water. 

Furrow  irrigation  of  vegetables,— Wheve  irrigations  are  to  be  fre- 
quently repeated,  as  in  the  case  of  such  products  as  vegetables,  berries, 
etc.,  each  row  of  plants  is  generally  set  on  a  ridge  a  few  inches  to  a 
foot  in  height.  The  length  of  the  rows  is  varied  according  to  slope  of 
the  ground  in  their  direction.  The  depression  between  each  two  rows 
is  utilized  as  a  furrow,  which  generally  receives  very  little  or  no  fall 
from  end  to  end.  Water  is  supplied  to  one  end  of  a  set  of  such  parallel 
depressions,  and  rises  in  these  to  near  the  height  of  intervening  ridges. 
It  is  generally  allowed  to  soak  into  the  ground  without  drainage. 

Irrigation  by  filling  subsoils  with  water, — The  success  of  farming  with 
irrigation  in  the  Mussel  Slough  country  has  attracted  particular  atten- 
tion to  this  method  of  irrigation.  As  soon  as  water  was  introduced  in 
the  canal  systems  of  these  very  flat  lands  of  the  Kings  Eiver  delta,  it 
JB».  17 3 


34 


IBBIQATION  NEAR  BAKEBSFIELD,    CALIFORNIA. 


[wo.  IT. 


was  foaa<l  that  spots  qnit«  remote  from  tbe  cauals  and  ditches  became 
moist,  aud  that  it  was  not  necessary,  as  in  other  portions  of  the  valley, 
to  apply  water  to  the  surface  of  the  gronnd.  This  wetting  of  the  lands 
was  attributed  to  lateral  percolation.  Soils  were  supposed  to  possess 
some  peculiar  prot>erty  which  &cilitated  the  transmission  of  moisture 
horizontally,  and  it  took  a  number  of  years  to  make  clear  to  the  irri- 
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gators  what  actually  did  take  place.  The  soil  water  of  that  region 
before  the  construction  of  irrigation  canals  was  at  10  to  18  feet  below 
the  surface;  now  it  does  not  fall  below  8  feet.  It  is  kept  under  control 
by  regulation  of  the  supply  in  tbe  irrigation  ditches  aud  by  a  natural 
subsurface  drainage,  which,  as  indicated  by  the  slope  of  the  ground- 
water plane,  may  be  into  Tulare  Lake. 
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This  system  of  irrigation  involves  but  little  more  than  the  introduc- 
tion of  water  into  irrigating  ditches  in  the  spring,  when  the  sapply  is 
most  abundant  in  river  and  canals.  Irrigating  ditches  for  this  parpose 
are  generally  constructed  about  an  eighth  of  a  mile  apart.  They  are 
either  permanent  or  only  temporary  features  of  the  irrigation  system. 
They  receive  a  very  light  grade,  in  order  that  they  may  be  maintained 
full,  with  water  flowing  sluggishly. 

The  water  sinking  from  main  canals  and  distributaries  and  from  the 
irrigating  ditches  causes  a  general  rise  of  the  ground  waters  to  within 
2  or  3  feet  of  the  surface.  This  occnrs^late  in  April  or  early  in  May, 
and  as  soon  as  moisture  can  be  detected  in  the  low  spots  of  any  field 
its  irrigation  for  the  season  is  complete. 

Careful  inquiry  in  the  Kings  Biver  delta  established  the  fact  that 
before  1870 — that  is,  before  the  construction  of  irrigation  works  in  that 
section  of  the  valley — ^the  depth  to  ground  water  was  very  generally 
15  to  18  feet.  It  approached  to  within  10  feet  only  at  a  few  points 
nearest  the  valley  trough.  It  is  now  kept  fluctuating  between  the 
limits  already  indicated,  approaching  to  within  2  to  4  feet  of  the  sur- 
face in  spring  and  then  settling  down  to  about  8  feet  late  in  the  fall. 

Irrigation  by  this  method  can  not  be  restricted  to  particular  tracts 
of  land;  its  benefits  may  extend  far  beyond  any  individual  tract  to  be 
irrigated,  and  it  has  frequently  happened  that  lands  lying  between 
irrigated  farms  have  derived  the  full  benefit  of  irrigation  without 
contributing  to  it«  cost. 

The  preparation  of  land  for  this  method  of  irrigation  is  inexpensive, 
the  only  necessary  cost  beiug  the  construction  of  the  small  ditches. 
Very  little  attendance  during  irrigation  is  required.  Alfalfa  lands  are 
sometimes  prepared  for  flooding  in  order  that  gophers  may  be  killed, 
when  necessary,  by  a  complete  submersion  of  the  cultivated  tracts. 

The  advantages  already  indicated  for  this  method  of  irrigation  are 
offset  by  a  decided  disadvantage.  The  rising  water  brings  to  the  sur- 
face alkaline  salts,  which  gradually  accumulate  and  may  render  unfit 
for  cultivation  soils  that  were  originally  entirely  free  from  an  excess 
of  objectionable  saltt;.  Something  has  been  said  on  this  subject  in 
treating  of  irrigation  works  in  the  Mussel  Slough  country  (see  page  17). 

It  remains  to  be  added  that  the  rise  of  the  water  table  near  Fresno 
has  been  so  pronounced,  as  a  result  of  the  extension  of  the  irrigation 
systems,  that  many  of  the  tracts  which  were  originally  prepared  for 
irrigation  by  some  other  method  are  now  so  wet  that  they  are  in  need 
of  drainage.  On  many  others  the  application  of  water  to  the  surface 
has  ceased. 

Sulnrrigationj  or  irrigation  from  subsurface  conduits. — This  method  of 
applying  water  to  land  has  not  been  so  satisfactory  as  was  hoped,  but, 
having  been  introduced  in  som6  localities  on  a  large  scale,  it  should 
not  be  passed  without  notice. 
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The  intent  of  this  method  of  irrigation  is  to  sapply  a  moderate 
quantity  of  water  directly  to  those  parts  of  the  soil  where  moisture  is 
needed  without  wetting  the  surface  of  the  ground.  Thereby  it  was 
hoped  to  economize  water,  to  greatly  simplify  its  control  and  distribu- 
tion, to  cheapen  irrigation,  and  to  avoid  baking  of  soil  and  the  necessity 
of  breaking  up  its  surface  after  each  application  of  water. 

Water  is  distributed  to  all  parts  of  the  land  to  be  irrigated  in  cement 
pipes,  from  which  it  escapes  through  perforated  plugs  of  wood.  It  is 
admitted  into  these  pipes  under  a  low  pressure,  sufficient  to  insure  the 
escape  of  some  water  even  in  the  highest  parts  of  the  land  to  be 
irrigated.  The  system  is  applicable  only  to  smooth-surfaced  tracts 
having  but  slight  slope. 

The  final  distributing  pipes  are  constructed  by  a  peculiar  machine. 
They  are  made  in  place  and  are  continuous.  The  diameter  of  their 
bore  is  2  inches.  At  intervals,  corresponding  to  the  distance  between 
trees  or  vines,  they  are  perforated  from  above,  and  a  wooden  plug  with 
a  hole  about  one-sixteenth  inch  in  diameter,  lengthwise  through  it,  is 
inserted  in  the  perforation.  This  plug  is  protected  by  means  of  a  hol- 
low cap,  or  earth  guard,  resting  loosely  upon  the  pipe  over  it.  The 
pipe  is  placed  20  inches  or  more  below  the  surface  of  the  ground,  so  as 
not  to  interfere  with  plowing,  cultivation,  etc.  Water  is  conducted 
to  the  2-inch  pipes — which  may  be  laid  between  each  two  rows  if  the 
rows  be  far  apart,  as  in  the  case  of  trees,  or  between  alternate  rows  if 
they  be  close  together,  as  in  the  case  of  vines — ^by  means  of  a  system 
of  6-inch  and  4inch  pii)es,  which  in  turn  receive  water  from  a  main 
supply  pipe,  generally  about  8  inches  in  diameter.  At  all  points  where 
the  8-inch  and  6-inch  pipes  branch,  vertical  cylinders,  opened  at  the 
top — so-called  hydrants — are  introduced,  by  means  of  which  the  water 
may  be  shut  off  from  one  line  or  the  other  of  pipe.  This  is  aooom- 
plished  by  holding  the  inlet  pipe  higher  in  the  cylinder  than  the 
outgoing  pipe,  and  providing  a  seat  for  a  disk  to  be  inserted  between 
the  two. 

When  water  is  being  supplied  to  any  part  of  a  vineyard  or  orchard, 
it  will  escape  through  the  plugs  into  the  ground,  and  its  quantity  must 
be  sufficient  to  keep  the  stand  in  the  hydrants  everywhere  above  the 
highest  parts  of  the  2iuch  pipe  system,  so  that  there  may  be  no  doubt 
that  water  is  escaping  from  every  plug  in  the  tract  under  irrigation. 

Under  favorable  conditions  it  will  cost  about  $50  per  acre  to  prepare 
ground  for  irrigation  by  this  method.  The  roots  of  trees  and  plants 
will,  notwithstanding  every  precaution  to  prevent  it,  find  their  way 
into  the  lines  of  pipes  at  exposed  points,  and  may  in  time  seriously 
interfere  with  their  successful  use. 

Until  irrigators  are  required  to  be  very  much  more  economical  in  the 
use  of  water  for  irrigation  than  at  ])resent,  the  matter  of  expense  alone 
will  interfere  with  any  extended  use  of  this  system  of  irrigation. 
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KERN  RIVER. 

HYDROGRAPHY. 

Eern  River  is  tbe  most  soatherly  of  the  large  streams  descending 
from  the  slopes  of  the  Sierra  Nevada  into  San  Joaqnin  Valley.  It 
breaks  throagb  an  outlying  spar  of  the  main  range  in  a  deep^  rocky 
gorge,  which  terminates  abruptly  about  10  miles  east  of  Bakersfield. 
Forib  distance  of  18  miles  from  the  canyon  mouth  the  river  flows  west- 
erly between  high,  gravelly  bluifs,  in  which  the  adjacent  rolling  lands 
and  mesas  terminate.  Occasional  low,  level  tracts  border  it.  From 
between  the  flanking  hills  and  uplands  the  river  emerges  upon  the 
plains  of  San  Joaquin  Valley  just  northeast  of  Bakersfield.  Thence 
the  main  stream  has  a  southwesterly  course,  flowing  in  a  shallow  bed 
300  to  800  feet  wide  nearly  20  miles,  to  a  point  within  a  few  miles  of 
the  trough  of  the  valley;  thence  southerly  into  Buena  Vista  Lake,  now 
used  as  a  reservoir  for  irrigation  purposes. 

Year  after  year  the  sandy  material  eroded  by  the  river  from  its 
mountain  watershed  has  been  deposited  in  San  Joaquin  Valley  below 
the  point  at  which  the  river  emerges  upon  the  plain.  New  channels 
have  been  constantly  forming  while  old  ones  were  being  obliterated, 
and  the  delta  region  thus  built  up  extends  20  to  25  miles  toward  the 
south  and  west,  terminating  in  a  great  semicircle  formed  by  Kern  and 
Buena  Vista  lakes  and  the  upper  portion  of  Buena  Vista  Swamp.  The 
central  portion  of  this  delta  is  generally  referred  to  as  Eern  Island. 
The  flow  of  water  in  maiiy  of  the  delta  channels  is  now  under  control, 
and  they  are  classed  as  canals. 

Principal  among  these  delta  channels  are:  South  Fork,  or  Old  South 
Fork,  which  has  a  southerly  course  from  its  head,  about  2  miles  north- 
east of  Bakersfield,  to  its  outfall  into  Kern  Lake;  Old  River,  which  has 
a  southwesterly  course  from  its  head,  about  a  mile  and  a  half  west  of 
Bakersfield,  toward  a  x)oint  between  Kern  and  Buena  Vista  lakes;  and 
Buena  Vista  Canal  Slough,  also  flowing  southwesterly,  which  leaves 
the  new  channel  of  Kern  River  about  2  miles  below  the  head  of  Old 
River.  Of  these  channels  South  Fork  was  the  main  channel  of  the 
river  until  1862.  Old  River  then  became  the  main  water  way,  and 
remained  so  until  New  River  was  formed  by  the  freshets  of  1867-68. 

Kern  River  enters  San  Joaquin  Valley  with  a  total  mountain  drainage 
area  of  2,345  sqnare  miles.  By  far  the  greatest  portion  of  the  region 
drained  lies  in  the  high  Sierra  Nevada.  Precipitation  in  the  highest 
portions  of  the  river's  drainage  basin  is  generally  in  the  form  of  snow. 
But  an  occasional  heavy  rain  falling  on  large  deposits  of  snow  causes 
great  freshets,  generally  early  in  the  spring.  Ordinarily  the  river  is 
at  a  low  stage  from  September  to  January,  inclusive.  It  is  at  a  high 
stage  from  April  to  July,  and  at  a  medium  stage  in  February  and 
March,  and  in  Aagost. 


38  IBEIGATION  NEAE  BAKBBSFIFXD,   CALIFORNIA.  [no.". 

The  discharge  of  the  river  has  been  estimated  by  the  State  engineer- 
ing department  for  the  six  years  1878  to  1884.  According  to  the  reanlts 
of  this  estimate,  which  is  based  on  many  measurementa  and  an  imper- 
fect record  of  rise  and  fall  of  the  river,  the  average  amount  of  water 
supplied  by  Kern  Biver  was  abont  430  second-feet  for  the  months 
November  to  January  (inclusive);  800  second  feet  for  Febmary  to 
April;,  2,450  second-feet  for  May  to  July;  and  670  second-feet  for 
AngQSt  to  October.  The  average  annual  flow  of  the  river  for  that 
period  was  rated  at  1,110  second-feet.'  The  discharge  of  the  river  as 
here  noted  refers  to  the  State  engineering  department  gaging  station, 
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abont  3  miles  below  the  point  where  the  river  breaks  from  its  monntaiD 
gorge  and  enters  upon  its  course  across  porons  altavial  deposits. 

Measurements  made  by  Mr.  A.  K.  Warren,  under  the  direction  of  Mr. 
Walter  James,  chief  engineer  of  the  Kern  County  Land  Company, 
show  the  facts  indicated  in  the  following  table  and  accompanying  dia- 
gram in  regard  to  the  discbarge  of  Kern  Itiver  for  tlie  fonr  years  i^m 
1894  to  1897." 


'See  Ph.vKknl  Data  and  Statiatica  of  Calirorvia.  cnllettecl  and  cOBipllcid  hy  tha  Stmtv  Kogiarttting 

DepartmsDtof  Calirornia.Sacriuiiento.lgSa.pp.tlO.iTO-lTZ.fTO-lTT- 
'BDU.n.S  GeoL  Siirroy  Ko.  110. 1Sa».fip.Kn-Zit.    For  furthsr  Information  roncenilDg  the  flow  of 

Eani  RiTer  aeeTwrlflh  Anu.  Kept  D,  S.  Geol-  SnrvBc.  Part  II.  1891.  p.  31B,  I-l.  LXXX:  BulL  D.  &  Gaol. 

Bomy  No.  131,  IM,  p.  W ;  Klihlaentta  Add.  lt«pl.U,  S.  OtoL  Surrer,  Fait  IV,  1S>7,  p.  SK. 
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EHimated  monthly  discharge  of  Kern  River  at  Bakerefield,  California. 

[Drainage  area,  2,315  square  miles.] 


Month. 


1893. 


October... 
November 
December. 


1894. 


Janoary... 
February . . 

March 

April 

May 

June 

July 

September . 
Octolier — 
JNorember  . 
December.. 


Per  annum. 


1895. 


January ... 
February . . 

March 

April 

May 

June 

July 

August.... 
September . 

<.)ctober 

Kovember . 
December., 


Per  annum. 


1896. 


January . . 
February.. 
March  . — 

April 

May 

June 

July ■ 

August.... 
September . 
October.... 
November , 
December . 


Per  annum. 


1897. 


January... 
February . . 
March..... 

April 

May 

June 

July 

August  — 
September 
October.... 
November . 
December.. 


Per  annum. 


Discharge. 

- 

Total. 

Runoff. 

Per 

Maximum. 

Minimum. 

Mean. 

Depth. 

squasD 
mile. 

Seeondr/eet. 

SeeondfeeL 

See.'ftet. 

Aert'/eet, 

Inehu. 

Ste.'feet. 

554 

517 

534 

32.861 

0.26 

0.23 

550 

467 

518 

30.827 

.24 

.22 

500 

430 

516 

81, 757 

.25 

.22 

741 

762 

661 

40,644 

.32 

.28 

1,114 

604 

717 

39, 817 

.32 

.30 

1.443 

762 

1,001 

61.541 

.65 

.43 

1,892 

1,209 

1,495 

88,952 

.71 

.64 

2,208 

1.228 

1,607 

98,798 

.79 

.69 

1,719 

871 

1,085 

64,557 

.51 

.46 

1,051 

400 

700 

4.3.036 

.34 

.30 

549 

256 

335 

20,565 

.16 

.14 

382 

172 

248 

14,756 

.12 

.11 

363 

224 

279 

17,178 

.14 

.12 

268 

230 

244 

14.500 

.11 

.10 

805 

234 

470 

28,908 

.23 

.20 

2,208 

172 

737 

533,252 

4.40 

.31 

1,616 

473 

809 

49.762 

.40 

.34 

4,762 

675 

1, 252 

69,536 

.65 

.53 

3,004 

987 

1,374 

84,437 

.67 

.60 

3,897 

1,911 

2.724 

162.076 

1.29 

1.16 

6.384 

3,100 

4,369 

268.608 

2.14 

1.86 

3,721 

2, 174 

2,906 

172.919 

1.37 

1.24 

2,U63 

867 

1.482 

91,113 

.73 

.63 

1.073 

354 

629 

38,665 

.31 

.27 

676 

290 

3U 

20,469 

.17 

.15 

612 

276 

827 

20, 106 

.16 

.14 

436 

308 

346 

20  588 

.17 

9.15 

447 

368 

403 

24,779 

.20 

.17 

5,884 

276 

1,413 

1,023.058 

8.16 

.60 

8,101 

377 

747 

45.931 

.37 

.32 

798 

550 

617 

35,489 

.28 

.26 

2,089 

652 

951 

58,475 

.47 

.41 

1,262 

766 

972 

57,838 

.46 

.41 

3,370 

034 

1,401 

86, 144 

.69 

.60 

3,611 

1,244 

2,476 

146. 142 

1.17 

1.05 

2,210 

741 

1,346 

82, 762 

.66 

.57 

741 

353 

486 

29.883 

.24 

.21 

473 

234 

304 

18,089 

.14 

.13 

425 

223 

267 

16, 417 

.13 

.11 

416 

288 

355 

21,124 

.17 

.15 

426 

313 

347 

21, 336 

.17 

.16 

3,611 

223 

854 

619, 630 

4.95 

.36 

832 

350 

873 

22,935 

.18 

.16 

2.306 

516 

809 

44, 930 

.36 

.85 

2,044 

688 

923 

56,753 

.45 

.39 

4,410 

1,094 

2.914 

173, 395 

1.38 

1.24 

5,342 

4,054 

4,580 

281, 613 

2.25 

1.95 

4.352 

1,289 

2,308 

137. 395 

•       1.09 

.98 

1,536 

644 

1,006 

61,857 

.49 

.43 

671 

388 

409 

28,838 

.23 

.20 

363 

260 

295 

17,564 

.14 

.13 

441 

278 

340 

20,906 

.17 

.15 

447 

289 

355 

21. 124 

.17 

.15 

1,023 

327 

422 

25.048 

.21 

.18 

5,342 

260 

1,234 

893,248 

7.12 

.53 

18M.  Maximum  discharge,  May,  2,208  second-feet ;  minimum  discharge,  September, 
172  second-feet;  average  for  the  year,  737  second-feet. 
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1895.  Maximum,  May,  5,384  second-feet;  minimum,  October,  276  Becond-feet ; 
average  for  the  year,  1,413  second-feet. 

1896.  Maximum,  June,  3,611  second-feet;  minimum,  October,  223  second-feet; 
average  for  the  year,  854  second-feet. 

1897.  Maximum,  May,  5,842  second-feet;  minimum,  September,  260  second-feet; 
average  for  the  year,  1,234  second-feet. 

The  gaging  station  of  the  State  engineering  department  was  located 
on  the  Hio  Bravo  Eanch,  aboat  3  miles  below  the  termination  of  the 
river's  granite  canyon,  a  short  distance  below  the  point  where  in  1879 
the  material  of  which  the  river  bed  was  composed  changed  in  character 
frofti  bowlders  and  cobbles  to  gravel  and  sand.  The  several  measare- 
ments  made  subsequent  to  that  time,  and  until  the  close  of  the  work  of 
the  State  engineering  department,  showed  a  gradual  erosion  of  the  river 
bed,  resulting  in  a  downstream  movement  of  the  upper  end  of  the  gravel 
and  sand  bars,  which  led  to  inquiry  concerning  conditions  in  preceding 
years  and  to  the  conlusions  that  a  few  years  subsequent  to  the  great 
freshet  of  1861-62  the  sand  and  gravel  bars  were  at  a  much  higher  level 
than  in  1879;  that  erosion  had  continued  from  year  to  year,  though  at 
a  somewhat  irregular  rate,  until' 1884  and  was  then  still  in  progress; 
that  the  aggregate  erosion  during  the  five  years  covered  by  observa- 
tions was  5.3  feet,  and  that  at  some  time  preceding  the  freshet  of 
1861-62  the  river  had  for  a  long  x)eriod  occupied  a  bed  fully  as  low  as 
that  of  1883.  A  row  of  trees  planted  at  the  water's  edge  at  a  mean 
stage  of  the  river  about  1868,  and  now  well  above  the  reach  of  the 
water,  has  been  pointed  to  as  evidence  of  a  former  higher  position  of 
the  river  bed.  On  the  other  hand,  deep,  well-worn  depressions  made 
by  the  Indians  in  grinding  food  materials  in  the  tops  of  great  granite 
bowlders,  barely  projecting  above  the  low- water  stage  of  the  river  in 
1883,  gave  evidence  of  a  preceding  protracted  low  position  of  the  river 
bed.  It  seems  reasonable  to  expect,  therefore,  that  other  great  freshets 
may  again  temporarily  fill  the  river  bed  with  sand  and  gravel,  and 
that  in  years  of  ordinary  flow,  such  as  the  entire  series  of  seasons 
since  1867-68,  the  river  will  have  a  tendency  to  continue  its  erosive 
action. 

Due  allowance  for  the  changes  in  actual  elevation  of  the  river  bot- 
tom were,  of  course,  made  in  interpreting  results  at  the  gaging  station. 

The  original  course  of  Kern  River  waters,  westerly  and  southerly 
across  its  delta,  widely  dispersed  in  numerous  channels,  has  by  natural 
agencies,  aided  by  the  operations  of  man,  been  modified  to  the  extent 
that  now  at  high  stages  all  water  in  excess  of  the  capacity  of  the 
iiTigating  ditches  and  canals  is  kept  under  reasonable  control  in  one 
main  channel  having  a  direct  southwesterly  course  toward  Buena  Yista 
Lake. 

Buena  Vista  Lake  has  been  shut  off  at  the  east  from  its  connection 
with  Kern  Lake  by  means  of  a  high  levee,  which  has  a  north-south 
course,  following  the  line  between  Ks.  25  and  26  E.  for  a  distance  of 
over  5  miles. 
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Thus  Kem  River  water  is  prevented  from  reaching  Kern  Lake,  the 
bed  of  which  is  now  dry,  arable  land,  and  Baena  Yista  Lake  is  con- 
verted into  a  large  reservoir,  the  capacity  of  which  is  said  to  be  about 
160,000  acrefeeU  From  the  northwestern  margin  of  Baena.  Vista  Lake 
an  outlet  canal  leads  into  Buena  Yista  Slough  and  thence  to  canals 
proper  of  the  £ern  Valley  Water  Company,  of  which  the  westernmost 
one,  located  near  the  western  margin  of  Buena  Vista  Swamp,  has  been 
planned  large  enough  to  afford  passage  for  the  outflow  waters  from  the 
lake  when  the  reservoir  is  full  and  the  river  is  high.  This  canal,  there- 
fore, for  a  long  distance  takes  the  place  of  Buena  Vista  Swamp,  which 
was  the  original  water  way,  conducting  the  outflow  from  Buena  Vista 
Lake  into  Tulare  Lake.  The  three  lakes  which  have  been  or  are  the 
recipients  of  water  from  Keni  Biver  are  very  flat  depressions,  without 
well-defined  banks.  The  beds  of  Kern  and  Buena  Vista  lakes  are  at 
an  elevation  of  about  285  feet  above  sea  level ;  the  bed  of  Tulare  Lake 
is  at  an  elevation  of  about  175  feet.  The  area  covered  by  Kern  and 
Buena  Vista  lakes  combined  (before  the  spread  of  water  was  restricted 
artificially)  was  about'  80  square  miles  when  the  lakes  were  full,  at 
which  stage  the  maximum  depth  of  water  in  either  did  not  probably 
exceed  14  feet.  The  area  of  Tulare  Lake  fluctuates  between  195  and 
760  square  miles,  but  the  lake  water  has  not  spread  to  the  extreme  limit 
of  the  full  lake  since  1868. 

The  lands  of  the  east  side  of  the  San  Joaquin  Valley  plain,  com- 
manded by  the  Kem  Elver  canals,  are  very  smooth  surfaced.  Those 
of  the  river  delta  slope  uniformly  toward  the  west  and  south  at  the 
rate  of  6  to  7  feet  to  the  mile.  The  only  surface  inec^ualities  on  Kern 
Island  are  due  to  the  land-building  tendency  of  the  river,  which  has 
left  broad,  low  ridges  of  sand  to  mark  the  alignment  of  channels  of 
former  epochs  in  its  history.  On  the  north  side  of  Kern  Biver  the  delta 
lands  merge  almost  imperceptibly  into  the  granitic  sandy  lands  of  the 
general  valley  plain,  and  the  gentle  westerly  slope  from  the  base  of 
the  foothills  of  the  Sierra  Nevada  is  almost  unbroken  to  Buena  Vista 
Swamp. 

SOILS   AND   RAINFALL. 

Near  the  base  of  the  foothill  belt,  northward  as  well  as  southward 
from  the  river,  the  soil  is  a  coarse  granitic  sandy  loam,  showing  an 
occasional  growth  of  cactus,  and  rather  forbidding  in  appearance,  yet 
very  productive  with  water.  To  the  southeast  of  Kern  Lake  a  large 
area  of  fine  sandy  loam,  known  as  the  Weed  Patch,  marks  the  sink  of 
Caliente  Creek.  The  soils  of  the  eastern  portion  of  Kern  River  delta 
are  generally  loams,  ranging  from  those  rich  in  clay  to  soils  of  a  peaty 
character  and  to  soils  of  almost  pure  sand.  Different  kinds  of  soil  are 
here  frequently  found  close  together,  and  it  is  often  remarked  that 
probably  no  single  square  mile  of  land  could  be  found  whose  soil  would 
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not  have  to  be  pat  into  several  claiwefl.  Toward  the  Bontli  and  west 
on  Kern  Island  the  soil  becomes  heavier,  and  near  the  high-water  line  of 
tbe  lakes  it  is  strongly  impregnated  with  alkali.  It  has  a  peaty  char- 
acter in  the  ^wamp-land  areas  adjacent  to  the  lakes,  al^o  northwestward 
from  Buena  Vista  Lake  throughoat  the  broad  tract  known  as  Baena 
Vista  Swamp,  which  extends  abont  40  miles  northwesterly  toward 
Tulare  Lake.  These  swamp  lands  were  originally  covered  with  a  dense 
growth  of  reeds—"  tales.''  •  Their  soil  is  generally  a  light  black  vege- 
table loam  or  mold,  underlain  by  a  dark-colored  clay.  Eastward  from 
these  swamp  lands,  which  mark  the  trough  of  San  Joaquin  Valley,  is  a 
long  parallel  strip  of  alkali  land  of  inferior  quality,  which  lies  to  the 
west  of  a  narrow  strip  of  fertile  land  flanking  the  Goose  Lake  Slough 
channel.  Farther  eastward  are  the  sandy  loams  and  coarse  granitic 
soils  of  the  main  east-side  plain.  These  generally  have  a  substratum 
of  dry,  tine  yellow  clay,  sometimes  of  sufficient  hardness  to  be  called 
hardpan.    This*  is  usually  found  at  a  depth  of  3  or  4  feet. 

The  southern  or  upper  end  of  San  Joaquin  Valley,  in  which  lie  the 
lands  commanded  by  the  Kern  Biver  waters,  is  a  region  of  very  light 
rainfall.  The  annual  average  fall  is  about  5  inches.  Profitable  cultiva- 
of  the  soil  without  the  aid  of  other  water  to  supplement  the  scant 
rainfall  is  not  possible. 

Kern  Eiver  water  is  used  to  a  small  extent  for  irrigation  in  the 
valley  of  South  Fork  far  up  in  the  mountains,  also  for  the  irrigation  of 
relatively  small  areas  of  bank  and  mesa  lands  within  the  foothill  sec- 
tion of  the  river's  course;  but  the  region  of  principal  use  is  the  river 
delta  and  a  broad  expanse  of  country  extending  far  northward  from 
the  river  and  lying  below  the  base  line  of  the  foothills. 

CANALS  AND  DITCHES. 

ft 

Bio  Bravo  Banch  canals. — Kern  Eiver  crosses  the  foothill  belt  in  a 
valley,  generally  one-half  mile  to  a  mile  in  width,  with  occasional 
strips  of  bottom  land  on  one  bank  or  the  other.  These  are  frequently 
backed  by  higher  terraces  or  mesas  with  rich,  black  loamy  soil,  beyond 
which  the  hills  rise  in  irregular  disconnected  ranges.  The  Bio  Bravo 
Banch  lies  just  below  the  point  where  the  river  breaks  out  of  its  canyon. 
Several  small  ditches  have  here  been  built  for  local  irrigation.  A  water- 
wheel  was  first  made  use  of.  It  was  constructed  in  1879  by  Mr.  John 
Barker,  and  was  intended  to  lift  water  28  feet.  The  wheel  is  reported 
to  have  delivered  the  quantity  of  water  expected,  but  the  land  required 
more  than  was  anticipated;  consequently  the  wheel  was  soon  abandoned 
as  a  source  of  supply,  and  a  direct  diversion  into  a  ditch  constructed 
along  the  base  of  a  high  bluff  on  the  south  side  of  the  river  was 
resorted  to.  The  river,  however,  for  a  series  of  years  was  there  deep- 
ening its  channel,  rendering  necessary  frequent  extensions  of  the  head 
of  the  ditch  upstream,  and  making  ditch  maintenance  exx)ensive.  Its 
cost  has  probably  been  somewhat  in  excess  of  $3^000. 


D  C*N»I..  LOOKING  UPSTREIM 


I   rSLAND  CAN*L,   LOOKING 


.)  KERK   ISLAIO)   CANAL.  43 

To  irrigate  lands  on  the  north  side  of  Kern  River,  in  the  same  looalityy 
the  Pierce  &  Barker  Ditch  has  been  constructed.  It  came  into  ase 
several  years  after  the  Barker  Ditch  on  the  south  side  of  the  river. 
This  ditch  lies  at  the  base  of  the  north-side  hills,  and  for  some  distance 
is  cut  into  an  almost  vertical  bluff.  There  is  also  a  ^'IMerce  &  Bar- 
ker" ditch  on  the  south  side  of  Kern  Biver,  but  its  source  of  supply  is 
Cottonwood  Greek,  a  tributary  of  the  river,  from  which  diversion 
is  made  near  its  confluence  with  the  main  stream.  This  ditch  has  a 
length  of  4^  miles.  It  was  constructed  in  1885.  All  of  these  ditches 
are  small  and  for  private  use  only. 

Another  smaH  ditch  just  below  the  Bio  Bravo  Banch  on  the  north 
side  of  the  river  is  the  Barker  &  Wilson  Ditch,  constructed  about 
1884,  which  commands  a  narrow  strip  of  land  along  the  northern  bank 
of  the  stream. 

The  principal  crop  cultivated  by  irrigation  from  these  ditches  in  the 
foothill  section  of  the  river  is  alfalfa. 

Kern  Island  Canal. — As  early  as  1864,  when  there  were  but  a  few 
white  families  in  the  vicinity  of  Bakersfield,  Colonel  Baker  constructed 
a  levee  northeasterly  from  the  present  town  site  and  placed  a  gate  in 
the  delta  channel  known  as  South  Fork,  at  the  point  where  this  chan- 
nel was  crossed  by  the  river  levee.  Subsequent  freshets  filled  the 
approaches  to  Panama  Slough  and  to  South  Fork  with  sand,  and  the 
river  cut  out  a  new  channel  farther  to  the  north  and  west.  The  settlers 
wbo  had  already  become  dependent  upon  the  older  water  courses  as 
sources  of  water  supply  for  irrigation  and  for  stock,  at  once  made 
organized  efforts  to  reopen  the  head  of  South  Fork,  but  with  indifferent 
SQccess. 

In  1869  Messrs.  H.  P.  Livermore  and  Julius  Chester,  having  deter- 
noiined  that  an  artificial  channel  was  necessary  to  replace  the  upper 
portion  of  South  Fork,  constructed  a  ditch  25  feet  wide,  the  head  of 
which  was  a  short  distance  above  the  present  head  gate  of  the  Kern 
Island  Canal.  This  ditch  was  carried  along  the  base  of  the  hills  on  the 
south  bank  of  Kern  Biver  and  terminated  in  South  Fork  a  short  dis- 
tance below  its  original  head. 

At  the  same  time  a  number  of  Mexican  settlers  made  a  diversion  of 
water  from  South  Fork  in  a  southerly  direction,  commencing  at  a  point 
about  a  mile  below  the  head  of  that  channel.  The  ditch  constructed 
by  them  is  known  as  the  "  Arujo"  Ditch,  and  its  lower  portion  is  still 
in  use  as  a  branch  of  the  Keru  Island  Canal.  This  small  ditch  seems 
to  have  suggested  the  idea  of  the  Kern  Island  Canal,  for  the  construc- 
tion of  which  a  company  was  organized  in  1870.  It  was  proposed  to 
unite  in  one  system  the  entire  delta  area  of  the  river  known  as  Kern 
Island,  as  well  as  a  broad  belt  of  higher  land  lying  to  the  east  of  the 
delta.  A  combination  was  effected  with  the  owners  of  the  swamp 
lands  of  this  region,  which  had  recently  been  sold  by  the  State,  con- 
ditioned upon  reclamation,  whereby  the  new  canal  company  became 
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the  snccessor  in  interest  of  tlie  reclamation  district  that  had  already 
been  formed.  The  canal  company  was  therefore  formed  with  the 
avowed  purpose  of  protecting  from  overflow  and  of  supplying  with 
water  for  agricultural,  domestic,  and  manufaciuring  purposes  a  terri- 
tory of  about  120,000  acres.  The  Kern  Island  Canal  Company  acquired 
the  ditch  and  water  rights  of  Messrs.  Livermore  and  Chester,  as  well 
as  gome  of  the  other  private  rights  vested  or  supposed  to  be  vested  in 
some  of  the  settlers  on  South  Fork.  The  construction  of  the  "MilP 
section  of  the  Kern  Island  Canal  was  at  once  commcDced,  and  extended 
southward  about  2  miles,  part  of  the  distance  following  the  alignment 
of  the  Arujo  Ditch.  Above  this  section  of  the  canal  the  South  Fork 
channel  was  enlarged,  and  some  systematic  effort  was  made  to  keep 
up  the  supply  of  water  from  the  river.  For  the  settlers  on  South 
Fork,  who  had  not  transferred  their  rights  to  the  canal  company, 
water  was  turned  down  that  channel  free  of  expense.  About  1877  the 
upper  portion  of  the  South  Fork  channel  was  entirely  abandoned, 
being  replaced  by  a  canal  at  higher  level — an  extension  of  the  Liver- 
more- Chester  Ditch,  located  between  the  old  water  way  and  the  base 
of  the  bluff  south  of  the  river.  This  new  canal  section  was  extended 
to  the  head  of  the  ^'Mill"  section,  where  water  was  dropped  about  6 
feet  to  the  original  level  of  that  canal  branch.  Meanwhile  the  various 
branches  of  the  Kern  Island  Canal  had  been  extended  southward  as 
demand  for  water  int^reased,  and  had  reached  the  vicinity  of  Kern 
Lake.  In  1875  the  Kern  Island  Canal  Company  was  granted  fran- 
chises for  the  distribution  of  water  in  Bakersfield,  where  actual  delivery 
of  water  through  its  ditch  system  commenced  in  May,  1875. 

At  the  time  of  the  formation  of  the  Kern  Island  Canal  Company  the 
swamp  lands  to  be  protected  by  it  against  inundation  were  already 
considered  safe,  their  reclamation  in  the  sense  of  preventing  overflow 
being  regarded  as  complete.  It  was  claimed,  however,  that  the  State 
had  no  right  to  appropriate  the  money  to  the  credit  of  this  land  in  the 
swamp-land  fund  to  any  other  purpose  than  its  reclamation,  and  that 
reclamation  should  be  construed  to  mean  the  making  of  the  land  pro- 
ductive. The  canal  company  therefore  demanded  and  received  from 
the  State  the  money  to  the  credit  of  tlie  lands  in  question  as  a  contri- 
bution toward  the  cost  of  the  irrigation  system.  The  amount  of  money 
thus  contributed  by  the  State  was  between  $12,000  and  $14,000. 

The  method  of  constructing  the  main  branch  of  the  Kern  Island 
Canal,  which  extends  from  a  point  on  South  Fork  about  a  mile  south  of 
Bakersfield  southerly  to  Kern  Lake,  is  not  without  interest.  A  5foot 
plow  drawn  by  40  yoke  of  oxen  was  used  in  breaking  ground  for 
this  canal.  The  loosened  earth  was  then  spread  to  right  and  left  by 
means  of  a  V-shaped  scraper,  also  of  monstrous  proportions,  being 
some  30  feet  long  and  12  to  15  feet  wide.  As  soon  as  sufficient  water 
way  was  thus  create<l  to  afford  some  erosive  effect,  water  was  turned 
into  the  partial  excavation  and  it  rapidly  cut  out  an  ample  water  way. 
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The  excessive  grade,  6  to  7  feet  to  the  mile,  of  the  finished  canal  soon 
caused  the  erosion  to  extend  beyond  desirable  limits  and  threatened 
disastrous  results  by  persistent  encroachment  on  the  canal  banks.  It 
therefore  became  necessary  to  reduce  the  gradient  of  the  canal  by 
means  of  check  weirs  or  drops  (as  shown  in  PI.  X,  A),  which  were 
placed  one-half  mile  apart.  These  check  weirs  were  constructed 
according  to  designs  proposed  by  Mr.  F.  II.  Coltou,  at  that  time  sux>er- 
iuteudent  in  charge  of  the  canal,  and  although  very  simple  in  arrange- 
ment, they  proved  to  be  efficient  and  satisfactory.  "Weir  boards, 
generally  of  1  inch  material,  were  supported  by  inclined  rafters,  usually 
4  by  6  inches.  The  rafters  were  placed  at  such  angle,  preferably 
flatter  than  45^,  as  would  best  fit  the  spacing  of  the  vertical  posts 
supporting  the  sides  of  the  weir  box.  The  rafters  transmitted  water 
pressure  by  means  of  inclined  supports,  4  inches  square,  to  the  floor 
timbers.  The  rafters  were  toed  into  the  sill  at  the  upper  edge  of  the 
floor  of  the  weir  box.  The  floor  itself  was  constructed  of  1-inch 
material  nailed  to  sills  of  4  by  6  inch  timber,  4  feet  apart,  which  in 
turn  rested  upon  mud  sills,  also  about  4  feet  apart.  The  floor  of  the 
weir  box  was  placed  IJ  feet  below  the  downstream- grade  height  of  the 
canal  bottom,  and  light  sheeting  was  driven  along  the  upper  and  lower 
edges  of  the  floor  to  depths  varying,  according  to  character  of  soil, 
from  1^  to  4  feet.  Wings  were  carried  into  the  canal  banks  at  right 
angles  to  the  direction  of  the  canal.  They  were  supported  in  part  by 
upright  posts,  in  part  by  timbers  across  the  top  of  the  structure,  which 
at  both  ends  were  allowed  to  project  well  into  the  bank.  The  length 
of  the  wings  varied  according  to  depth  of  canal.  Weir  boards  were 
permanently  nailed  to  the  rafters  to  the  height  of  the  grade  of  canal 
bottomi  above  the  structure.  All  other  weir  boards  were  loose  and 
could  readily  be  moved  by  hand.  Spaces  between  rafters  were  usually 
4  feet.  A  plank  across  the  structure,  supported  .by  the  ends  of  the 
rafters,  made  a  convenient  footbridge  and  afibrded  access  to  the  sev- 
eral sections  of  the  weir.  The  cost  of  these  check  weirs  on  the  Kern 
Island  Canal  is  reported  to  have  been  about  $200  each. 

The  canal  head  gate  is  constructed  on  substantially  the  same  plan. 
It  has  a  clear  width  of  48  feet.  A  waste  gate  has  been  placed  in  the 
right  bank  of  the  canal  just  above  the  head  gate. 

The  diversion  of  water  from  the  river  into  the  canal  is  accomplished 
by  an  inexpensive  extension  of  the  right-bank  canal  levee  upstream 
for  nearly  half  a  mile,  and  its  projection  in  the  form  of  a  very  low  sand- 
and-brush  dam  diagonally  across  the  southern  portion  of  the  very  flat, 
sandy  river  bed. 

The  aggregate  cost  of  the  Kern  Island  canal  system  has  been  about 
|£)ii,000. 

The  canal  has  a  right  to  300  second-feet  of  water,  conceded  to  it  by 
riparian  owners,  and  taking  precedence  over  all  other  diversions.  Its 
capacity  is  reported  to  be  500  second-feet. 
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Old  South  Fork. — The  delta  Htream  of  Kera  River  kDOWD  as  Sonth 
Fork  sapplied  water  to  a  few  settlera  some  years  before  tbe  constnio- 
tiuii  of  the  Kern  I»liind  Canal  was  thought  of.  When  Colonel  Baker, 
in  1864,  undertook  the  construction  of  a  levee  for  protection  against 
overflow,  a  gate  was  pat  into  the  South  Fork  (channel  for  the  cAitroI  of 
ita  flow  of  water.  The  freshets  of  18G7-6S,  which  produced  marked 
changes  in  the  character  and  aligumeut  of  the  main  channel  of  Kern 
Biver,  filled  tbe  bead  of  South  Fork  with  sand.  Organized  eftort  was 
necessary  to  reestablish  a  conuectioD  of  tbe  upper  end  of  the  Soath 
Fork  channel  with  the  river.  It  is  reported  that  from  thirty  to  forty 
perBons  contributed  time  and  labor  to  this  work,  the  result  of  which 
was  not,  however,  entirely  satisfactory.  The  river  (channel  had  been 
deepened;  the  now  cut  to  the  river  was  nearly  half  a  mile  below  the 
original  bead  of  South  Fork,  and  great  difficulty  was  experienced  in 
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maintaining  an  artificial  bun-ter  at  tlie  head  of  the  new  channel  to  torn 
river  water  into  it.  This  diHicultyled  to  the  coustmotion  of  the  Liver- 
more-Gbester  Ditch,  as  already  explained,  and  for  a  number  of  years 
the  supply  of  water  to  South  Fork  was  through  this  ditch.  About  1877 
the  use  of  tbe  npper  portions  of  South  Fork  was  abandoned  by  the 
Eern  Island  Canal  Company,  and  the  delivery  of  water  by  this  company 
to  the  irrigators  from  South  Fork  ceased.  Tbe  users  of  water  from 
South  Fork  and  from  Panama  Slough  resumed  control  of  its  head 
works,  and  have  since  miiiutiiiued  this  channel  as  an  independent  irri- 
gation diteb.  A  new  conne<;tiou  witii  the  river  was  established  near 
the  original  bead  of  !5outb  Fork,  and  with  more  or  less  trouble  it  has 
been  kept  in  efficient  service.  The  maiDtgement  was  almost  without 
system,  and  corporate  organization  of  the  owners  was  not  effected 
antU1885. 


oBUMonr.]  FARMERS   CANAL   AND   PANAMA   SLOUGH.  47 

Through  the  npper  x)ortion  of  South  Fork  water  can  be  supplied 
to  the  lower  levels  of  the  Kern  Island  Canal;  Panama  Slough  is  fed 
with  water  from  South  Fork,  and  as  the  lower  x>ortion  of  Panama 
Slough  is  used  as  a  water  way  by  the  Farmers'  Canal,  there  is  such 
iuterdepeudence  between  these  several  canals,  complicated  by  the  fact 
that  many  irrigators  hold  rights  to  water  from  two  or  more  of  them, 
that  segregation  of  areas  dependent  upon  any  one  of  them  is  out  of  the 
question. 

The  principal  distributaries  of  South  Fork  water  are  the  Jewett 
Ditch,  the  Cotton  Ranch  Ditch,  and  smaller  ditches  of  landowners  in 
the  immediate  vicinity  of  Bakersfield.  The  capacity  of  South  Fork  is 
generally  stated  at  50  to  75  second-feet,  and  the  amount  annually 
exx>ended  for  maintenance  is  about  $1,250.  The  first  cost  of  the  irriga- 
tion works  can  be  stated  only  approximately.  It  is  likely  that  $3,000 
to  $4,000  have  been  expended  on  construction  work. 

Farmers  Canal. — In  1873  a  canal  about  50  feet  wide  and  3  feet  deep 
was  excavated  from  a  point  on  the  south  bank  of  Kern  Ki ver  just  above 
the  Southern  Pacific  Eailroad,  in  a  southeasterly  direction,  to  a  con- 
nection with  a  natural  channel  known  as  Cotton  Katich  Slough  or 
Skyles  Slough.  This  canal  is  known  as  the  Farmers  Canal.  Its  water, 
delivered  into  Cotton  Banch  Slough,  flows  therein  1^  miles  to  Panama 
Sloughy  and  is  distributed  by  a  number  of  small  branch  ditches 
throughout  the  central  and  southern  portions  of  Kern  Island.  ^The 
canal  proper  is  only  about  a  mile  in  length.  It  has  recently  become 
of  considerable  importance  as  a  source  of  supply  for  the  Stine  and 
Anderson  canals,  which  formerly  received  their  full  supply  directly 
from  Kern  Eiver  at  the  head  of  Old  Kiver,  about  3  miles  west  of 
Bakersfield. 

In  1880  Messrs.  Celsus  Brower  and  Walter  James  estimated  the  total 
cost  of  construction  of  this  canal  and  its  branches  at  $18,800. 

Pafiama  Slough. — ^Panama  Slough  hardly  deserves  separate  enumera- 
tion among  the  irrigation  works  from  Kern  Kiver,  because  it  is  now 
supplied  with  water  through  the  head  of  South  Fork.  It  was,  how- 
ever, in  use  as  an  independent  source  of  supply  before  permanent 
connection  between  it  and  the  South  Fork  channel  was  established  by 
the  freshets  of  1867-68.  Irrigators  dependent  upon  the  flow  of  water 
in  Panama  Slough  united  with  those  on  South  Fork  in  1868,  when  it 
became  necessary  to  reestablish  a  connection  of  these  streams  with  the 
main  channel  of  the  river.  All  of  that  x)ortion  of  Panama  Slough 
below  Bakersfield  is  used  jointly  by  the  irrigators  who  depend  upon 
the  Farmers  Canal  for  their  supply  and  by  those  who  hold  rights  as 
original  users  of  water  from  the  slough  itself. 

The  principal  distributary  of  the  Panama  Slough  water  is  the  Panama 
Ditch,  the  cost  of  which  Mr.  Celsus  Brower  in  1880  reported  as  having 
probably  exceeded  $6,000.  The  main  distributing  ditch  and  branches 
were  then  reported  to  have  an  aggregate  length  of  8  miles.  Its  width 
was  given  as  10  feet  and  its  depth  of  channel  as  2  feet. 
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Castro  Ditch. — A  comparatively  unimportant  irrigation  ditch  which 
for  many  years  diverted  water  from  the  soath  banks  of  Kern  River  at 
the  head  of  Old  River  is  known  as  the  "Oastro"  or  "Mexican"  Ditch. 
It  is  reported  to  have  been  in  use  as  early  as  1859,  at  that  time  supply- 
ing water  to  the  lands  of  a  few  Mexican  settlers.  This  ditch  is  about 
16  feet  wide,  2  feet  deep  at  its  head,  and  about  5  miles  long.  Its 
capacity  is  generally  rated  at  about  15  to  20  second -feet,  and  there  may 
have  been  expended  upon  it  from  $2,000  to  $3,000.  The  head  works 
of  the  canal,  or  rather  the  point  of  diversion  from  the  river,  has  within 
the  last  few  years  been  extended  upstream  about  a  quarter  of  a  mile 
from  the  original  intake. 

Fisher  &  Abley  Ditch. — About  1869  a  small  ditch  known  as  the 
Fisher  &  Abley  Ditch  was  constructed,  paralleling  the  Oastro  Ditch, 
and  delivering  water  into  Reeder  Slough,  thence  into  Panama  Slough, 
from  which  it  was  again  diverted,  a  few  miles  below,  for  use  upon 
several  small  farms.  That  portion  of  the  ditch  above  Reeder  Slough 
has  been  abandoned  and  the  lower  portion  has  become  dependent  upon 
the  Farmers  Canal  for  its  supply  of  water. 

Stine  Canal. — This  name  has  been  applied  to  portions  of  Old  River 
and  several  distributing  canals  since  1873.  In  that  year  the  settlers 
along  this  river  channel  united  in  the  construction  of  a  weir  about  175 
feet  long  across  the  head  of  Old  River,  and  two  main  branches  of  the 
canal  were  subsequently  diverted  from  this  stream.  The  first  one  of 
these,  in  order  downstream,  is  known  as  the  Call  Branch,. or  Branch 
No.  1.  It  has  its  head  about  three-quarters  of  a  mile  below  the  head 
of  Old  River,  is  20  feet  wide  for  about  a  mile,  then  30  feet  wide,  gradu- 
ally contracting  again  to  25  feet.  The  original  depth  was  intended  to 
be  3  feet,  but  the  channel  was  made  somewhat  deeper.  One  of  its 
branches  connects  with  a  branch  of  the  Kern  Island  Canal.  Branch 
No.  2  of  the  Stine  Canal  is  diverted  from  Old  River  about  5  miles  below 
its  head.  It  is  about  6  miles  long.  The  diversion  of  water  from  the 
channel  of  Old  River  into  these  branches  is  accomplished  by  means  of 
weirs  or  regulating  gates  that  serve  to  control  water  elevation. 

The  water  passing  the  head  of  Branch  No.  2  flows  on  toward  the 
lakes  and  is  occasionally  used  for  wild  flooding  of  grass  lands.  Recently 
the  diversion  of  water  for  the  Stine  Canal  was  made  through  the  head  of 
the  Farmers  Canal  and  delivered  to  the  former  through  a  canal  se(*.tion 
called  the  extension  of  the  Stine  and  Anderson  canals.  The  capacity 
of  the  Stine  Canal  is  claimed  to  be  about  200  second-feet. 

The  cost  of  the  works,  including  repairs,  was  estimated  for  the  prin- 
cipal owners  in  1880  at  $87,000.  This  does  not  include  the  extension 
to  the  Farmers  Canal,  which  was  made  subsequent  to  that  time. 

Anderson  Canal. — This  canal,  which  is  also  called  the  ^^  Baker  &  Noble 
Canal,"  was  constructed,  in  part,  at  least,  in  1872.  The  diversion  of 
water  for  it  was  originally  made  from  the  south  bank  of  New  Kern 
River,  about  one-quarter  of  a  mile  below  the  hea4  of  Old  River;  but  ^ 
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ownership  of  a  namber  of  canals  became  centered  in  the  same  group  of 
owners,  it  was  thoaglit  desirable  to  establish  common  head  works  for  this 
canal  together  with  the  Stine  and  Castro  canals,  at  the  head  of  Old  Eiver. 
It  was  therefore  extended  to  this  point/ and  for  many  years  one  system 
of  works  served  to  divert  water  for  all  three  of  these  canals.  Within 
the  last  few  years  a  further  consolidation  of  canal  head  works  has  been 
effected,  and  the  water  for  the  Stine  and  Anderson  canals  is  now 
diverted  from  the  river  through  the  upper  section  of  the  Farmers' 
Canal,  as  already  explained.  The  Bellevue  property,  one  of  the  many 
possessions  of  the  Kern  County  Land  Company  (J.  B.  Haggin,  priuci- 
cipal  owner),  is  the  locality  where  the  water  of  the  Anderson  Canal  is 
used. 

Gates  Canal. — ^This  canal  is  reported  to  have  been  constructed  in 
1872  and  1873.  It  was  enlarged  in  1874  from  a  bed  width  of  9  feet  to 
12  feet.  Its  water  is  used  only  on  the  Bellevue  Banch.  Its  diversion 
is  made  about  three-quarters  of  a  mile  below  the  head  of  Old  Biver. 
It  is  only  2  to  3  miles  long,  and  its  capacity  is  30  to  40  second-feet. 

Buena  Vista  Canal. — ^This  name  has  been  given  to  one  of  the  delta 
channels  of  Kern  Biver,  together  with  its  system  of  distributary  ditches. 
The  natural  water  course  referred  to  broke  out  from  the  south  bank  of 
Kern  Biver  about  2  miles  below  Old  Biver.  It  was  provided  with  a 
head  gate  26  feet  wide  in  1870,  and  a  new  connection  with  the  river 
was  established.  For  some  years  thereafter  the  settlers  along  this 
slough,  which  had  a  southerly  course,  and  along  its  main  branch.  But- 
ton Willow  Slough,  made  use  of  the  water  thus  admitted  under  control, 
for  irrigation  purposes.  Diversion  from  the  sloughs  was  effected  by 
means  of  temporary  brush  dams.  In  1875  the  canal  proper  was  con- 
structed. The  slough  was  permanently  closed  about  a  mile  below  its 
head,  and  its  lower  section  was  replaced  by  the  artificial  channel  of 
Buena  Yista  Canal.  The  capacity  of  the  canal  is  probably  between 
100  and  150  second-feet.  The  cost  of  works  and  repairs  to  1880  was 
estimated  for  the  owners  by  Mr.  W.  B.  Macmurdo  at  $26,000.  A  weir 
of  the  ordinary  light  flashboard  type  is  maintained  in  Kern  Biver  just 
below  the  head  of  the  James  Canal  to  force  water  into  the  Buena  Vista 
and  James  canals. 

James  Canal. — ^This  canal  was  constructed  for  the  irrigation  of  the 
odd-numbered  sections  of  land  westward  from  Old  Kern  Biver  on  Kern 
Island.  The  construction  work  commenced  late  in  1871.  The  diver- 
sion of  water  from  the  river  is  made  a  few  rods  below  the  head  of  Buena 
Vista  Slough.  As  originally  constructed  the  canal  was  100  feet  wide  for 
about  1,000  feet,  thence  20  feet  wide  for  a  distance  of  300  to  400  feet, 
and  30  to  40  feet  wide  throughout  the  rest  of  the  first  three-quarters  of 
a  mile  of  its  course.  Its  fall  in  this  distance  is  2  feet,  and  it  is  intended 
to  carry  ^ater  3  feet  deep.  The  length  of  the  main  canal  is  about  18 
miles,  but  its  lower  portions  have  fallen  into  disuse  on  account  of  the 
abandonment  of  Lake  Banch,  where  an  unsuccessful  attempt  was 
IBS  17 4 
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made  to  irrigate  strongly  alkaline  laud.  Mr.  W.  E.  Macmiirdo,  about 
1879,  estimated  the  total  expenditure  on  the  canal  at  $16,000.  The 
river  weir  at  the  head  of  the  James  Canal  serves  to  force  water  into 
this  canal  as  well  as  into  the  Buena  Yista  Ganal.  It  is  in  type  similar 
to  the  Pioneer  weir. 

Plunkett  Ditch, — This  ditch  was  constructed  in  1873,  It  diverted 
water  for  the  river  about  three-quarters  of  a  mile  below  the  head  of 
Baena  Yista  Slougb,  and  had  a  southwesterly  course.  It  was  made  12 
feet  wide  and  2  to  2^  feet  deep,  and  its  length  was  about  4  miles. 
Some  years  later  a  connection  with  the  James  Canal  was  established, 
and  the  Plunkett  Ditch  may  now  be  regarded  as  a  branch  of  the  larger 
canal. 

Meacham  Oanal. — The  Meacham  Canal  is  one  of  the  small  ditches 
taking  water  from  the  south  side  of  Kern  Eiver  just  above  the  Pioneer 
Bridge,  about  6^  miles  west  of  Bakersfield  and  about  5}  miles  below 
the  head  of  Old  Biver.  It  was  constructed  in  1873.  Its  length  was 
only  3  to  4  miles  and  its  width  8  to  10  feet.  The  depth  of  water  to  be 
carried  was  2  to  3  feet.  The  canal  is  now  arranged  to  deliver  its  water 
into  the  James  Canal,  with  which  it  has  been  connected. 

Wilson  Caned. — ^The  head  of  this  ditch,  which  was  constructed  in  1874, 
was  originally  located  about  one-quarter  of  a  mile  below  the  Pioneer 
Bridge,  but  in  1875  the  ditch  was  extended  upstream  to  a  point  along- 
side the  head  of  the  Meacham  Canal,  just  above  the  bridge.  The  ditch 
ifa  only  1  to  2  miles  long,  about  5  feet  wide,  and  2^  feet  deep. 

Henley  and  Frazier  ditches, — ^These  are  two  small  diversions  from  the 
south  side  of  the  river,  about  4  miles  below  the  Pioneer  Bridge.  The 
former  was  constructed  in  1874,  the  latter  in  1873.  Each  is  about  2 
miles  long.  Their  combined  capJEbcity  was  probably  leas  than  20  second- 
feet.    No  information  is  available  as  to  whether  they  are  still  in  use. 

Beardsley  Canal. — ^The  head  of  Beardsley  Canal  is  about  1^  miles 
above  the  head  works  of  Kern  Island  Canal,  on  the  north  side  of  Kern 
Biver.  It  is  the  uppermost  of  the  Kern  Biver  canals  which  divert 
water  from  this  river  for  the  irrigation  of  portions  of  the  main  east- 
side  plain  of  San  Joaquin  Valley.  The  construction  of  the  canal 
extended  through  several  years,  commencing  late  in  1873.  Its  course 
for  about  100  feet  near  its  head  is  along  the  base  of  an  almost  vertical 
bluff  of  cemented  gravel,  and  about  2  miles  below  its  head  it  lies  in  an 
extensive  cut,  8  or  9  feet  deep,  through  a  second  bank  of  cemented 
gravel.  This  cut  is  nearly  half  a  mile  long.  Otherwise  the  canal  is 
located  on  ground  favorable  for  canal  construction.  The  canal  was 
planned  to  follow  a  grade  line  skirting  the  southwestern  base  line  of 
the  Sierra  Nevada  foothills,  and  in  this  respect  differed  materially  from 
the  works  on  the  other  side  of  the  river,  which,  except  the  upper  section 
of  the  Kern  Island  Canal,  were  all  constructed  in  the  direction  of  the 
greatest  fall  of  the  land,  thus  occupying  positions  which  are  usually 
assigned  to  laterals.    The  Beardsley  Canal  was  originally  made  15  feet 
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wide  and  2  to  2^  feet  deep,  bat  owing  to  the  light  grade  on  which  It  was 
constmcted — 0.8-foot  fall  per  mile — ^it  was  found  difficult  to  keep  it 
reasonably  free  from  obstruction  by  the  rapidly  growing  vegetation, 
and  it  became  necessary  to  enlarge  the  canal  to  make  its  fall  more 
effeotiYe.  A  timber  weir  of  the  open  flashboard  type  is  maintained 
across  the  river  at  the  head  of  Beardsley  Canal.  For  many  years 
the  full  length  of  this  canal  was  about  8  miles,  but  as  it,  with  the 
majority  of  the  other  Kern  Biver  canals,  came  into  possession  or  under 
control  of  the  same  owners,  the  Kern  County  Land  Company,  it  was 
extended  northward  to  and  across  Peso  Creek,  and  now  has  a  total 
length  of  about  25  miles.  Its  laterals  frequently  extend  westward  to 
a  connection  with  the  McCord  Canal  and  to  the  Calloway,  so  that 
surplus  waters  are  readily  delivered  to  these  lower  canal  systems. 
The  territory  commanded  by  this  canal,  lying  between  it  and  the  Cal- 
loway, is  about  33,000  acres,  which  includes  between  6,000  and  7,000 
acres  formerly  served  by  the  McCord  Canal. 

McCaffery  Bitch. — ^The  mention  of  the  McCaffery  Ditch  as  an  inde- 
pendent irrigation  work  is  merely  historical.  It  is  a  small  ditch 
diverting  water  from  the  south  side  of  the  slough  known  as  McCaffery 
or  Calloway  Slough,  which  has  been  made  a  part  of  the  well-known 
Galloway  Canal.  The  ditch  is  several  miles  long,  7  to  8  feet  wide,  and 
2  to  3  feet  deep.  It  was  constructed  in  1873,  and  is  still  in  use  as  a 
distributary  of  the  Calloway  Canal  water.  The  use  of  its  water  is  con- 
fined to  the  island  lying  between  Calloway  Slough  and  the  main  channel 
of  the  river. 

McOord  Canal. — ^This  canal,  which  has  a  position  intermediate 
between  the  Beardsley  and  Calloway  canals,  was  built,  in  part  at 
least,  in  1875  and  1876.  A  diversion  of  water  was  made  from  the 
north  side  of  Kern  Biver,  about  2  miles  below  the  head  of  the  Kern 
Idand  Canal,  into  a  natural  high- water  channel,  and  from  this  natural 
channel  the  canal  proper  was  carried  3  or  4  miles  northward.  In  1879 
the  canal  was  reported  to  be  about  4^  miles  long,  with  three  branches, 
aggregating  10  miles  in  length.  Its  bed  width  was  noted  at  20  feet 
and  its  depth  at  2  to  3  feet/  The  canal  was  provided  with  a  new  head 
gate  in  1882  and  was  extended  northward.  The  main  canal  had  a  total 
length  of  about  12  miles.  The  district  commanded  by  the  canal  is  now 
served  with  water  from  the  Beardsley  Canal,  and  no  attempt  is  made 
to  maintain  the  McCord  Canal  as  an  independent  work. 

Calloway  Canal. — This  is  the  principal  canal  for  the  irrigation  of 
lands  on  the  north  side  of  Kern  Biver.  Its  pnri)ose  was  primarily  to 
supply  water  for  the  reclamation  of  lands  entered  as  desert  claims. 
Almost  as  soon  as  the  notice  of  intention  to  make  the  diversion  of 
water  for  this  canal  had  been  posted  at  the  head  of  McCaffery  Slough, 
in  the  spring  of  1875,  all  individual  rights  were  assigned  to  the  Callo- 
way Canal  Company,  known  on  the  records  as  the  Kern  Biver  Land 
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and  Canal  Company,  and  no  time  was  lost  in  commenciitg  coDBtmction, 
which  was  pushed  forward  rapidly  until  Poflo  Creek  had  been  crossed 
by  the  main  line  of  the  canal.  The  diversioD  from  the  rivet  was 
effected  at  the  head  of  McCaffery  or  Calloway  Sloogh,  which  was  cor- 
rected in  alignment  so  far  as  neceassry  and  cnt  to  a  uniform  width  of 
1 20  feet.  The  upper  2^  miles  of  the  slongh  were  thus  appropriated  for 
canal  purposes.  Thence  an  artificial  chaunel  60  feet  wide  on  the  bot- 
tom was  cut  in  a  northerly  direction.     At  between  '2  and  3  miles  &om 
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the  slough  the  width  of  the  canal  was  increased  to  80  feet  on  the 
bottom,  and  it  retained  this  width  to  Poao  Creek.  To  the  north  of 
Poso  Creek  the  canal  extension  ia  60  feet  wide.  The  canal  has  a  fail 
of  0.8  foot  to  the  mile  northward  from  the  point  where  it  leaves  McCaf- 
fery Slough  for  a  distauce  of  about  15  miles;  thence  to  and  beyond 
Foso  Creek  the  fall  per  mile  is  only  0.4  foot.  The  total  fait  from  the 
head  of  McCaffery  Slough  to  the  point  where  the  canal  proper  leaves 
the  slough  is  about  10  feet.    The  inflow  into  what  ia  ordinarily  called 
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the  head  of  the  canal,  being  the  original  head  of  McOaffery  Slough,  is 
controlled  by  a  head  gate  or  regalator.  Where  the  canal  proper  leaves 
the  slongh  a  check  weir,  serving  the  purpose  of  a  waste  gate,  closes 
the  latter  and  affords  convenient  control  of  the  water-surface  elevation 
at  that  point.  A  secx>nd  regulator  is  put  into  the  head  of  the  artificial 
channel,  which  leaves  the  slough  just  above  the  check  weir.  Sands 
accumulating  in  the  slough  channel  above  the  lower  barrier  are  readily 
sluiced  out  by  removing  the  loose  dashboards  of  the  weir  and  per- 
mitting a  free  flow  through  the  lower  section  of  the  slough  back  to  the 
river. 

The  distribution  of  water  from  the  Calloway  Canal  is  effected  by 
means  of  branch  ditches  or  laterals,  which  are  generally  carried  west- 
ward in  the  direction  of  the  greatest  sloi)e  of  the  valley  plain.  Their 
position  is  usually  determined  by  that  of  gentle  swells  or  ridges,  which 
afford  the  best  command  of  the  lands  to  be  irrigated.  These  laterals 
are  ordinarily  about  16  feet  wide.  Their  banks  are  made  high,  so  that 
inundation  of  adjacent  territory  can  readily  be  accomplished.  The 
natural  fall  of  the  valley  surface  in  the  direction  of  the  laterals  is  7  to 
20  feet  to  the  mile.  This  is  reduced  by  means  of  check  weirs  or  drops 
to  less  than  2  feet,  effec^tive,  to  the  mile.  Tenants  of  land  to  be 
irrigated  from  these  laterals  are  reported  to  have  frequently  taken 
contracts  for  their  construction  as  low  as  5  cents  per  cubic  yard  of 
earthwork. 

Late  in  1879  Mr.  F.  E.  Pillebrown,  engineer  in  charge  of  canal  con- 
struction, reported  an  expenditure  of  $78,165  on  the  main  canal,  and 
$49,460  on  about  64  miles  of  laterals.  The  area  covered  by  the  64  miles 
of  laterals  was  reported  at  16,160  acres,  and  the  cost  of  laterals,  with 
gates  complete,  per  acre  under  ditch  was  $4.  The  cost  of  constructing 
check  levees  in  this  district  for  irrigation  by  flooding  was  given  at 
$2.15  per  acre.  Water  was  first  turned  into  the  Calloway  in  1875,  but 
at  that  time  the  principal  purpose  was  to  moisten  the  canal  bed  and 
thereby  facilitate  excavation. 

All  structures  on  the  canal  are  extremely  simple,  but  efficient.  The 
head  gate  or  regulator  now  in  use  was  constructed  in  1884,  late  in  the 
season,  after  a  first  freshet  had  floated  the  original  head  gate  out  of 
place.  The  gate  was  designed  and  built  by  Mr.  L.  F.  Colton.  While 
work  on  it  was  in  progress  a  large  portion  of  the  dam  or  weir  across  the 
river  at  the  head  of  the  canal  was  washed  away,  and  this  was  replaced 
under  some  difficulty,  as  the  river  rose  before  work  was  completed  and 
flooded  the  foundation  pit.  Much  of  the  flooring  had  to  be  nailed 
under  water.  The  weir  or  dam  across  the  river  is  a  very  light  structure, 
of  the  open  type,  resting  upon  a  floor  which  is  the  top  of  a  large  sand 
box  extending  across  the  river.  The  weir  proper  consists  of  a  set  of 
rafters,  4  feet  apart  from  center  to  center,  supported  by  a  set  of  shores 
or  braces,  forming  a  light  framework,  and  the  necessary  flash  or  drop 
boards  for  the  closing  of  the  spaces  between  rafters.    The  rafters  were 
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originally  inclined  at  an  augle  of  about  40  degrees,  but  wbeo  it  was 
foand  desirable  to  raise  tbe  weir  crest  somewhat  thej  were  placed 
more  nearly  erect.  They  are  cat  off  horizontally  at  tbe  top  and  afford 
snppoTt  to  a  single-plank  footbridge,  each  plank  of  which  is  held  in  posi- 
tion by  a  dowel  in  tbe  top  of  the  weir  timber.  This  arraiigement  was 
adopted  to  secare  a  proper  spacing  of  the  weir  timbers  at  their  tops. 
The  drop  boards  are  of  light,  linoh  thick  material.  According  to  the 
originaldcsigiijtheentiresiiperstructare  wasmovable.  A  setof  brack- 
ets has  been  attached  to  the  weir  frames  below  the  footbridge  to  sup- 
port the  drop  boards,  which  are  out  of  service.  The  total  length  of  tbe 
weir  was  originally  50O  feet,  of  which  only  the  northernmost  400  feet 
was  rebuilt  in  1881;  the  rest,  extending  from  a  small  island  in  tbe  river 
to  the  south  bank,  has  been  replaced  by  a  solid  earth,  or  rather  sand, 
fllL    This  part  of  the  weir  had  a  superstructure  of  a  type  different  fcota 
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that  of  the  new  weir.  Its  floor  of  2-inch  planking  rested  upon  two 
lines  of  sheet  piling,  and  the  floor  joists  received  additional  support 
from  intermediate  piles.  The  river  bed  at  that  point,  to  au  unknown 
depth,  is  a  clean,  moderately  fine  sand,  with  which  all  voids  under  the 
flooring  were  compactly  filled. 

With  some  variations  in  detail  of  constmction  the  river  weir  is  pro- 
longed in  a  direct  line  northerly  across  the  bead  of  the  Galloway  Canal ; 
bat  tbe  timbers  of  the  Calloway  Canal  regulator  are  somewhat  heavier 
than  those  of  the  weir.  Its  frames  are  not  movable.  The  main  timbers 
are  6  by  8  inches,  and  have  several  supports  each  6  by  6  inches.  The 
canal  regulator  is  100  feet  long,  having  25  openings,  or  bays,  each  4 
feet  firom  center  to  center  of  gate  frames.  The  drop  or  flash  boards 
are  1  by  6  inches. 
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At  each  end  of  the  Galloway  weir  and  of  the  canal  regulator  the 
banks  are  protected  bj  timber  bnlkheads,  sheet  piling,  and  brashwork. 

A  fall  flow  of  water  ia  expected  in  the  Calloway  Canal  daring  the 
moDtfas  Febmary  to  May,  inclasive.  At  the  low  stage  of  the  river  the 
canal  is  entirely  dry.  The  maximam  cai)acity  of  the  canal,  estimated 
some  years  ago  from  dimensions  below  McCaffery  Slongh,  was  abont 
550  second-feet,  hat  the  ordinary  fall  flow  is  45U  to  500  second-feet. 
Here  water  than  this  in  the  canal  renders  liability  of  breaks  in  the 
banks  too  great 

The  canal  laterals  have  been  extended  thronghont  a  district  haviog 
aa  area  of  about  60,000  acres,  nearly  all  of  wliich  may  be  considered 
fiiUy  prepared  for  irrigation  and  actually  irrigated  each  season.  The 
principal  crop  irrigated  is  alfalfa.  A  view  of  a  large  tield  of  this  fort^e 
crop  being  irrigated  hymeans  of  contonr  checks  on  the  Jacksoa  Ranch 
is  shown  in  PL  XII,  B.    No  water  was  sold  from  the  Calloway  Canal 
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until  the  sale  of  lands  owned  by  the  Keru   County  Land  Company 
(J.  B.  Haggin  and  Lloyd  Tevia)  commenced. 

Emery  Ditek. — This  is  a  small  ditch  making  a  diversion  of  water 
firom  the  north  side  of  Kera  Biver  abont  i  miles  betow  the  head  of  the 
Calloway  Canal.  It  was  constructed  in  1877  as  a  private  dtt«b  by  Mr. 
R.  K.  Emery,  and  was  only  3  miles  long,  6  to  8  feet  wide,  and  2  feet 
deep.  The  diversion  of  water  was  eflFected  by  inespensive  brush  wing 
dams,  a  new  one  being  required  after  each  freshet.  Notwithstanding 
a  capacity  of  10  to  20  second-feet,  but  little  irrigation  was  ever  accom- 
plished with  this  ditch.  It  was  difficult  to  force  the  necessary  water 
into  the  ditch  even  at  moderately  high  stages  of  the  river;  the  loss  of 
water  in  transit  to  lands  to  be  irrigated  was  considerable,  as  the  route 
of  the  ditch  was  across  a  sandy  region,  and  the  drifting  sauds  made 
it  difficult  to  keep  the  ditch  open. 
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Jones  &  Tuekey  Ditch. — The  description  of  this  ditch,  like  that  of  a 
aamber  of  the  other  lesser  irrigation  works  from  Kem  River,  is  hardly 
more  than  a  historical  note.  The  ditch  was  next  below  the  Emery 
Ditch,  on  the  north  side  of  the  river,  and  followed  a  parallel  route 
northward.  It  was  about  10  feet  wide  and  4  miles  long.  It  was  con- 
structed in  1876,  but  fell  into  disuse  seven  or  eight  years  later,  when 
it  came  under  control  of  the  principal  owners  of  the  larger  canals  com- 
manding the  same  territory.  Its  rights  have  been  merged  with  those 
of  the  larger  canals. 

Bailroad  Ccmal. — At  the  head  of  a  natural  high-water  or  overflow 
channel  on  the  north  bank  of  Kern  Biver,  known  as  Goose  Lake 
Slough,  three  cuts  have  been  made  to  afford  a  greater  inlet  capacity 
to  the  head  of  the  slough.  The  uppermost  of  these  is  known  as  the 
Eailroad  CanaL  It  is  about  one-half  mile  long  and  25  to  30  feet  wide 
on  the  bottom.  This  canal,  if  such  a  designation  may  be  applied  to 
the  diversion,  was  constructed  late  in  1875,  and  a  light  timber  barrier 
40  feet  wide  (8  bays,  each  5  feet)  was  placed  across  its  head  for  the 
control  of  its  flow.  The  water  diverted  from  the  river  into  this  channel 
was  for  the  irrigation  of  lands  (desert-land  entries)  near  Goose  Lake 
Slough  belonging  to  persons  who  had  failed  to  secure  rights  in  the 
Goose  Lake  or  the  Wible  canals.  Very  little  irrigation  was  accom- 
plished with  it,  except  the  natural  wetting  of  lands  adjacent  to  the 
slough.  Only  320  acres  of  the  lands  for  which  water  was  claimed 
through  the  Bailroad  Canal  are  said  to  be  still  served  with  Rem  Btver 
water. 

Wible  Canal. — Just  below  the  Bailroad  Canal  is  another  cut  from 
the  river  to  the  slongh,  which  was  made  in  the  summer  of  1875,  by 
another  set  of  persons,  who  were  desiroas  of  using  Goose  Lake  Slough 
as  a  main  channel  to  carry  water  to  their  lands.  This  cut  was  only 
1,000  to  1,500  feet  long.  It  was  30  to  35  feet  wide  on  the  bottom  and 
about  2  to  3  feet  deep.  Its  head  gate  was  56  feet  wide.  The  flrst  cost 
of  the  canal  is  reported  at  $3,500,  and  the  cost  of  the  regulator  at  $500. 
Water  is  apportioned  to  stockholders  without  any  elaborate  system  of 
measurement.  Expenses  of  management,  which  are  light,  are  appor- 
tioned to  the  consumers  of  water  by  mutual  agreement. 

Ooose  Lake  Canal. — First  in  the  order  of  time  of  construction,  but 
third  in  position,  is  the  enlarged  original  head  of  Goose  Lake  Slough, 
known  as  the  Goose  Lake  Canal.  This  is  located  on  the  north  side  of 
Kern  Biver  just  above  the  Pioneer  Bridge,  about  7  miles  in  a  direct 
line  west  of  Bakersfleld.  In  1874  the  head  of  Goose  Lake  Slough  was 
cleaned  out  and  enlarged  and  a  regulator  was  built  across  it.  This 
regulator  is  134  feet  wide.  The  head  of  the  slongh  was  150  to  160  feet 
wide.  This  work  has  always  been  under  the  control  of  the  parties  who 
controlled  the  principal  large  canals  already  enumerated  and  has  not 
been  in  use  to  any  considerable  extent  for  systematic  irrigation. 
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Pioneer  Canal. — ^This  canal  was  oonstracted  in  1873  by  settlers  npon 
lands  on  the  north  side  of  the  river  below  the  Pioneer  Bridge.  It 
was  originally  made  30  feet  wide  at  its  head  for  a  distance  of  a  little 
oyer  100  yards;  there  its  width  was  decreased  to  10  or  12  feet.  Sub- 
sequently, however,  the  canal  was  enlarged  to  a  bed  width  of  30  feet 
thronghont  a  length  of  7  or  8  miles,  and  its  upper  sections  were  still 
further  enlarged  in  1879,  when  the  canal  was  made  60  feet  wide.  From 
its  head  at  the  Pioneer  Bridge  the  canal  has  a  westerly  course,  its 
waters  being  used  principally  ax>on  the  Kern  Gounty  Land  Company's 
tract  of  land.  The  canal  capacity  reported  for  this  canal  by  Mr.  W.  B. 
Macmurdo,  G.  E.  (in  charge  of  canal  work  in  1880),  was  450  second-feet, 
and  its  cost  about  $44,000. 

The  head  gate  of  this  canal  offers  some  points  of  interest.  It  rests 
upon  sand.    A  trench  was  excavated  across  the  canal,  14  feet  wide 


Fio.  11.— Section  of  Pioneer  Oan»l  Tegolator. 

(14  by  60  feet)  fknd  3  feet  deep.  Light  sheet  piling  was  driven  on  the 
four  sides  of  this  trench  1  foot  deep.  To  the  top  of  the  sheet  piling 
were  nailed  2  by  4  inch  timbers  at  the  height  of  the  canal  grade.  The 
trench  was  then  refilled  and  1  by  6  inch  pine  boards  were  laid  across 
the  top  of  the  filling  4  feet  apart,  in  the  direction  of  the  canal  axis. 
Floor  boards  2  inches  thick  were  thereupon  nailed  to  the  pine  strips 
and  extended  over  the  side  walls  of  the  trench.  They  were  laid  across 
the  axis  of  the  canal.  On  this  floor  sills  4  by  6  inches  were  placed  on 
edge,  4  feet  apart,  for  the  support  of  4  by  6  inch  posts,  which  serve  as 
bridge  iM)sts.  The  bridge  floor  is  2  inches  thick  and  covered  with  an 
earth  fill  3  feet  thick,  which  serves  to  give  weight  and  stability  to  the 
entire  structure.  The  sides  of  the  bridge,  acting  as  retaining  walls  for 
the  earth  fill,  are  tied  to  the  floor  joists  by  means  of  three-eighths-inch 
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iron  TOQS,  tvisted  together  for  tension.  The  upper  bridge  posts  sapport 
the  loose  flashboards  by  means  of  which  the  strnctiire  is  converted  into 
a  regulator.  This  is  one  of  the  t>est  examples  of  a  cheap,  efficient 
stmctiire.  Its  total  cost  was  only  $540,  including  all  earthwork.  It 
was  built  in  1884  by  the  engineer  in  charge,  Mr.  Walter  James.  The 
weir  in  the  river  at  the  head  of  the  Pioneer  Caual  was  originally  a  com- 
bination structure.  The  weir  i>OBts  supported  a  bridge,  toward  the 
construction  of  which  a  money  contribution  was  made  by  Kern  County. 
The  original  weir  has  been  replaced  by  a  late  structure,  crossing  Kem 
River  Just  below  the  Pioneer  Bridge.  This  is  very  similar  in  arrange- 
ment to  the  one  at  the  head  of  the  Calloway  Canal.  It  controls  the 
water-surface  elevation  in  the  river  for  a  number  of  canals  and  ditches 
besides  the  Pioneer  Canal,  including  the  Ooose  Lake  Slough  system  on 
the  nortli  side  of  the  river,  and  the  Wilson  and  Meacbam  ditches  ou  its 
sonth  side. 


L!.— Head  of  JamM  &  Dixon  Canal. 


Mdwarda  JHtch. — ^This  ditch,  whose  head  is  about  a  mile  below  the 
Pioneer  weir,  is  to  be  classed  with  those  of  lesser  importance.  It 
was  constructed  in  1875.  Work  may  have  commenced  late  in  the  pre- 
ceding year.  The  ditch  was  about  2  miles  long,  and  10  to  12  feet  wide 
on  the  bottom.  It  fell  into  disuse  in  18T9,  but  was  reopened  in  1885, 
It  was  then  in  use  by  several  persons,  but  received  water  only  at  high 
stages  of  the  river. 

Jamea  <£  IHwon  Canal. — This  name  has  been  applied  to  a  cat  about 
2i  miles  below  the  Pioneer  Bridge,  l^om  Kern  Blver  into  Joboson 
Slongh  (one  of  the  river's  north-side  delta  channels).  This  cut  was 
excavated  in  1872  and  1373.  It  was  less  than  half  a  mile  long,  and  was 
originally  made  30  feet  wide  on  the  bottom.  In  1384  it  was  connected, 
at  a  point  about  200  yards  below  its  head,  with  the  Johnson  Out,  a 
second  o])ening  from  the  river  into  Johnson  Slough.  The  water  deliv- 
ered into  the  slongh  by  the  James  &  Dixon  Gut  is  for  use  on  portions 
of  the  McCluug  Uanch  and  on  the  Buena  Vista  Ranch.    The  slough  ia 
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used  in  commoii  by  the  owners  of  the  two  canals  for  abont  a  mile  below 
the  iK>int  where  their  waters  are  mingled.  The  Johnson  Canal  water 
is  there  taken  out  of  the  south  side  of  the  slongh  for  distribation  to 
irrigators,  while  the  James  &  Dixon  Ganal  water  flows  on  down  the 
slongh  channel. 

About  1882  it  became  necessary  to  establish  a  better  control  of  the 
flow  of  water  into  Johnson  Slough.  To  this  end  a  reasonably  perma- 
nent wing  dam  was  constructed  just  below  the  Johnson  Cut,  and  a  new 
head  gate,  or  regulator,  was  placed  in  that  cut  The  wing  dam  was  in 
the  form  of  a  timber  weir  extending  halfway  across  the  river  channel 
and  resting  against  a  small  island.  The  space  between  its  end  and  the 
south  bank  of  the  river  was  closed  annually  at  the  low- water  stage  by 
an  inexpensive  sand  dam.  The  water  was  thus  forced  over  the  weir 
and  brought  under  control.  The  control  at  high  stages  was  not  essen- 
tial. This  work  was  carried  out  under  the  direction  and  management 
of  the  owners  of  the  James  &  Dixon  Oanal,  and  a  proportional  part  of 
the  cost — $2,200  out  of  a  total  of  $4,700— was  contributed  by  the 
owners  of  the  Johnson  Ganal.  The  water  supply  for  both  canals  was 
thereafter  drawn  through  the  same  regulator. 

The  original  purpose  for  which  the  James  &  Dixon  Canal  was  con- 
structed was  to  supply  water  for  irrigation  to  the  Bnena  Vista  Eanch, 
then  owned  by  Mr.  James  Dixon,  and  to  lands  in  its  vicinity.  The 
canal  and  the  lands  to  be  irrigated  by  it  have  long  since  become  a  part 
of  the  property  under  control  of  the  Kern  County  Land  Company. 

The  combined  capacity  of  the  James  &  Dixon  and  the  Johnson  canals 
has  been  estimated  at  400  to  450  second-feet.  The  head  works  of  the 
Jamed  &  Dixon  Canal  are  now  out  of  service,  because  it  has  been  found 
more  convenient  to  supply  water  to  the  lower  section  of  the  canal 
through  a  branch  of  the  Pioneer  Canal. 

Johnson  Oanal. — Several  hundred  feet  below  the  original  head  of  the 
James  &  Dixon  Canal  is  the  cut  from  the  river  to  Johnson  Slough 
known  as  the  Johnson  Canal,  which  is  owned  by  the  Lower  Kern  Biver 
Irrigating  Company.  It  was  constructed  in  1873  and  is  about  one-eighth 
mile  long.  It  was  described  by  Mr.  James  D.  Schuyler,  in  his  report 
to  the  State  engineer,  as  being  10  feet  wide  on  the  bottom,  3  feet  deep, 
with  bank  slopes  of  1  on  2;  but  greater  original  dimensions  are  claimed 
for  it  by  resident  engineers  of  Kern  County.  The  canal  water,  as 
already  noted,  flowed  abont  a  mile  'in  Johnson  Slough  and  was  then 
taken  out  for  delivery  to  irrigators.  The  separation  of  its  water  from 
that  of  the  James  &  Dixon  Canal  was  effected  and  controlled  by  means 
of  regulators,  one  being  placed  in  the  slough,  another  in  the  artificial 
channel.  There  was  no  sale  of  water  to  consumers.  The  canal  owners 
took  water  as  they  needed  it,  and  exx)enses  of  canal  management  were 
apportioned.  The  cost  of  maintaining  head  works  at  the  river  was 
borne  in  part  by  the  owners  of  the  James  &  Dixon  Canal.  Water  is 
now  delivered  to  the  lands  served  by  the  Johnson  Slough  Canal 
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tbrongb  branches  of  tbe  Pioneer  Canal,  and  the  use  of  the  oanal  head 
works  has  been  abandoned. 

Ashe  Ditch. — ^This  ditch,  which  fell  into  disase  about  1882,  was  a 
small  one,  belon^ng  to  a  private  owner,  and  was  constructed  about 
1874  or  1875.  Its  head  was  on  the  north  side  of  the  river,  just  below 
the  Johnson  Canal.  It  had  a  westerly  course,  was  about  1  mile  long, 
8  feet  wide  on  the  bottom,  and  2  feet  deep.  Its  mention  is  merely 
historical. 

May  Ditch, — ^This  ditch  was  in  use  for  several  years  subsequent  to 
1874.  Its  length  was  2  miles,  its  course  westerly,  its  width  about  8 
feet,  and  its  depth  2  feet.  Its  head  works  were  4  to  5  miles  below  those 
of  the  Johnson  Canal.    Whether  it  is  now  in  use  is  not  known. 

Joice  Canal. — There  is  some  confusion  among  names  applied  to  the 
ditches  of  Lower  Kern  Eiver  which  were  intended  in  whole  or  in  part 
to  supply  water  to  the  Buena  Yista  Ranch.  In  1873  the  lands  known 
by  this  name  were  owned  by  the  late  W.  C.  Ealston,  and  were  under 
the  management  of  James  Dixon,  The  first  diversion  made  for  their 
irrigation  was  in  that  year,  from  a  minor  north-side  delta  channel  of 
the  river  known  as  Oage  Slough.  The  ditch  was  12  feet  wide,  and  was 
intended  to  carry  water  about  2  feet  deep.  To  increase  the  flow  of 
water  in  that  branch  of  Kern  Biver  upon  which  Gage  Slough  was 
dependent,  a  dam  of  brushwork  was  constructed  across  the  most 
southerly  of  two  channels  into  which  the  river  separated  a  short  di8> 
tance  above  the  head  of  Gage  Slough.  Still  later,  in  the  same  year,  a 
second  ditch  was  constructed  from  the  north  side  of  the  river  above 
the  slough,  and  this  was  connected  with  the  first  ditch.  The  head  of 
Gage  Slough  was  then  closed  permanently. 

Two  years  later  a  private  ditch  was  constructed  as  a  branch  of  the 
Joice  Ditch,  commencing  about  2  miles  below  the  head  of  the  latter. 
This  was  known  as  the  Dixon  Ditch,  and  has  led  to  the  use  of  the  name 
Joice  &  Dixon  Ditch  for  that  part  of  the  original  Joice  Ditch  above  the 
Dixon  Ditch.  The  uncertainty  as  to  amount  of  water  covered  by 
recorded  claims,  and  the  procedure  in  Kern  County  leading  to  the 
granting  of  a  canal  franchise,  are  well  illustrated  by  the  Joice  Canal. 
A  notice  was  posted  on  April  28, 1873,  in  sec.  21,  T.  30  S.,  R.  26  B., 
Mount  Diablo  meridian,  by  Messrs.  £.  Y.  Joice  and  James  Dixon,  of  a 
claim  to  10  cubic  feet  of  the  water  of  Kern  Biver,  measured  under  a 
4-inch  pressure.  On  May  26  of  the'same  year  the  same  persons  posted 
another  notice  of  claim  to  20  feet  of  water,  measured  under  a  4-inch 
pressure.  These  claims  were  followed  in  1878,  on  October  7,  by  another 
by  Mr.  William  B.  Carr,  posted  on  sec.  23  at  the  head  of  Joice  Oanal, 
to  6,250  inches  of  wat-er,  measured  under  a  4-inch  pressure.  He  was 
on  the  following  day  granted  a  franchise  by  the  supervisors  of  Kern 
County,  acting  in  the  capacity  of  water  commissioners,  to  construct  a 
new  canal  30  feet  wide  on  the  bottom,  2  feet  deep,  and  having  a  cross- 
sectional  area  of  72  square  leet,  or  to  enlarge  any  canal  acquired  by 
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him  to  these  dimensions  for  the  purpose  of  diverting  the  amount  of 
water  named  in  his  claim.  The  franchise  then  obtained  was  transferred 
a  few  days  later  to  the  Joice  Canal  Company. 

From  a  report  made  in  1879  by  Mr.  W.  B.  Macmurdo,  one  of  the 
engineers  in  charge  of  canal  work,  to  Messrs.  Haggin  &  Carr  it  is 
learned  that  the  cost  of  irrigation  with  water  of  this  ditch,  after  ditches 
and  checks  were  all  constructed^  was  as  low  as  10  cents  per  acre.  The 
lands  commanded  by  the  canal  can  also  be  supplied  with  water  from 
the  Pioneer  Canal  and  from  the  James  &  Dixon  Canal,  as  has  been 
already  explained.  The  Joice  Canal  receives  water  only  during  com- 
X)aratiYely  high  stages  of  Kern  Biver.  A  timber  weir  extending  par- 
tially across  the  river  was  maintained  for  a  number  of  years,  but  it  has 
recently  been  found  more  convenient  to  abandon  the  canal  head  works 
and  to  supply  it  with  water  from  the  Pioneer  Canal 

Dixon  Canal, — Two  years  after  the  construction  of  the  Joice  Canal 
the  branch  known  as  the  Dixon  Canal  was  carried  in  a  northwesterly 
direction,  for  the  irrigation  of  a  small  tract  of  land  on  the  margin  of 
the  lands  segregated  as  swamp  and  overflowed,  and  thereafter  the 
upper  portion  of  the  Joice  Canal,  about  2^  miles  long,  was  regarded 
as  the  common  head  of  the  two  ditches.  The  ditch  was  described  by 
Mr.  James  D.  Schuyler  in  1880,  in  his  report  to  the  State  engineer,  as 
being  2^  miles  long,  6  to  8  feet  wide  on  the  bottom,  and  1^  feet  deep. 

Kern  Valley  Water  Company^s  canals. — For  the  reclamation  of  the 
lands  in  the  upper  or  southeastern  portion  of  Buena  Vista  Swamp  two 
large  canals  were  constructed,  one  upon  either  side  of  the  long,  narrow 
trough  of  the  valley  through  which  the  overflow  waters  of  Kern  and 
Buena  Yista  lakes  took  a  northwesterly  course  toward  Tulare  Lake. 
Of  these  two  canals,  the  one  on  the  west  side  was  intended  as  a  recip- 
ient of  the  &ood  flow,  and  was  therefore  given  magnificent  dimensions. 
The  other  canal  was  to  serve  more  particularly  as  a  source  of  supply 
for  irrigation  water.  Both  of  these  canals  were  connected  with  Buena 
Yista  Slough,  a  natural  channel  of  irregular  alignment  and  variable 
dimensions,  which  has  a  northwesterly  course  from  Buena  Yista  Lake 
for  a  distance  of  about  8  miles  to  the  vicinity  of  the  canal  bead  works, 
near  which  point  its  channel  becomes  more  or  less  indefinite. 

At  the  time  these. canals  were  constructed,  about  1875,  it  was  pro- 
posed by  their  projectors  to  convert  Kern  and  Buena  Yista  lakes  into 
great  storage  basins  of  water  to  serve  for  the  irrigation  of  lands  to  the 
northwest.  But  this  proposition  met  with  opposition.  Other  claims  to 
the  lakes  were  advanced.  The  lake  beds  were  claimed  as  swamp  and 
overflowed  land  subject  to  reclamation  by  drainage.  Long  litigation 
ensued,  involving  among  other  things  the  question  of  riparian  owner- 
ship in  the  waters  of  Kern  River,  as  it  was  manifestly  to  the  advantage 
of  the  owners  of  lands  in  Buena  Yista  Swamp  to  prevent  diversions  in 
the  upper  sections  of  the  river,  so  as  to  augment  the  flow  through 
natural  channels  into  Buena  Yista  Lake  and  thence  into  the  channels 
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from  which  the  lower  cauals  were  fed.  As  a  result  of  this  litigation  it 
was  definitely  determined  that  the  doctrine  of  riparian  rights  prevails 
in  this  State;  and,  more  directly  bearing  upon  the  questions  at  issue, 
it  led  to  an  agreement  between  the  conflicting  interests  according  to 
which  the  use  of  lake  surfEbce  for  reservoir  purposes  was  restricted 
to  Buena  Yista  Lake,  and  some  deflniteness  was  given  to  the  rights  of 
the  various  cauals  to  make  diversions  of  the  Kern  Eiver  water. 

As  soon  as  this  result  was  reached,  in  1891,  work  progressed  rapidly 
on  the  structures  necessary  to  dam  off  Buena  Yista  Lake  toward  the 
east  and  to  control  the  outflow  of  its  waters  toward  the  north.  The 
storage  capacity  of  the  lake  is  represented  to  be  150,000  acre-feet, 
being  presumably  the  amount  actually  available  for  irrigation  pur- 
poses when  the  lake  is  full.  The  alignment  of  the  principal  channel 
of  Kern  Biver  in  its  course  toward  the  lake  has  been  corrected,  and  it 
is  separated  by  means  of  high  embankments  from  a  return  channel  cor- 
respondingly correcting  the  alignment  of  Buena  Yista  Slough.    With- 
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out  any  definite  information  concerning  the  cost  of  these  works,  it  is 
not  unreasonable  to  suppose  that  it  has  exceeded  $250,000,  in  addition 
to  over  $300,000  for  original  canals. 

The  west-side  canal  was  made  125  feet  wide  on  the  bottom  and  was 
planned  to  carry  water  7  feet  deep.  The  position  of  the  canal  along 
the  western  border  of  the  swamp  gave  it  a  fall  of  about  4  to  5  feet  to 
the  mile,  which  was  reduced  by  means  of  check  weirs  or  drops.  Four 
of  these  were  constructed,  but  three  were  washed  out,  and  but  a  single 
one  remains  to  serve  as  a  regulator.  The  canal  has  a  length  of  24 
miles,  covering  more  than  one-balf  the  distance  toward  Tulare  Lake, 
and  discharging  at  its  lower  end  uiK)n  the  lower  portion  of  Buena  Yista 
Swamp.  The  east-side  canal  is  25  feet  wide  and  has  a  depth  of  3  to  5 
feet.  A  regulator  has  been  placed  in  it  where  it  is  crossed  by  the  road 
embankment,  which  serves  as  a  barrier  against  flood  waters  of  the  river 
or  slough  from  the  south.    The  regulator  is  a  combination  of  a  bridge 
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with  earth  fill  on  top  and  a  gate.    The  gate  is  of  the  ordinary  vertical 
flashboard  type. 

Where  water  is  to  be  drawn  from  the  main  west-side  canal  for  irri- 
gation purposes  it  is  admitted  to  distributing  ditches  by  means  of 
wooden  box  culverts  placed  under  the  canal  levee. 

Maintenance  of  the  works  has  involved  frequent  bank  protection  on 
the  main  canal,  the  bottom  of  which  below  its  regulator  has  been  irreg- 
ularly eroded. 

Flood  waters  have  frequently  made  dangerous  inroads  ui)on  banks 
and  levees  where  the  canal  lies  in  the  light  alkaline  soils  of  the  west 
side,  which  do  not  afford  much  resistance  to  the  erosive  action  of  the 
water. 

The  irrigation  from  this  canal  system  is  still  confined  to  the  alfalfa 
fields  at  the  head  of  Buena  Yista  Swamp  between  the  two  main  canals. 
Here  about  20,000  acres  of  alfalfa,  in  one  continuous  tract  and  under- 
one  ownership  and  management,  represent  the  extent  of  the  water's  use. 

The  system  of  irrigation  is  the  contour-check  system.  The  contour 
levees  have  usually  6  inches  difference  in  elevation,  or  a  little  more. 
The  soil  is  a  black  vegetable  mold,  4  to  6  inches  deep,  under  which 
is  a  heavy  clay  subsoil.  Checks  are  generally  8  to  10  acres  in  area. 
Small  checks  are  preferred,  and  some  of  the  larger  ones  are  being 
subdivided.  Some  drainage  of  the  land  after  flooding  is  necessary  and 
drain  ditches  are  provided  for  the  purpose.  The  cost  of  preparing  the 
land  for  irrigation,  including  the  cost  of  small  ditches,  was  about  $10 
per  acre. 

KEBN   AND  TULABB  IBBIGATIDN  DISTBICT. 

MTo  work  of  actual  construction  was  done  on  the  proposed  canal  sys- 
tem for  this  irrigation  district,  now  disorganized,  but  as  the  contem- 
plated source  of  water  supply  was  Kern  Eiver  the  project  requires 
mention.  The  district  was  located  on  the  east-side  valley  plain  surround- 
ing Delano,  in  Kern  and  Tulare  counties,  about  26  miles  northward 
from  Kern  Eiver.  It  had  an  area  of  84,000  acres.  The  proposed  main 
canal  was  to  have  a  bed  width  of  40  feet,  a  water  depth  of  4  feet,  a  fall 
of  9  inches  to  the  mile,  and  a  total  length  of  about  55  miles.  The 
diversion  fh)m  the  river  was  to  be  made  about  8  miles  above  the  head 
of  the  Beardsley  Canal,  on  the  north  side  of  Kern  River,  and  the  route 
of  the  canal  was  to  be  westward  along  the  bluflfs  and  broken  slopes  of 
the  hills  for  about  7  miles,  to  where  it  emerged  upon  a  comparatively 
smooth  plain  at  the  base  of  the  hills,  thence  northerly  across  Poso 
Creek  and  Dyers  Gulch,  to  and  across  White  Kiver.  The  estimated  cost 
of  the  main  canal  was  $426,000  and  of  the  necessary  distributaries 
$195,000.  The  district  was  organized  in  1890,  and  a  bpnd  issue  of 
$700,000  was  intended  to  cover  cost  of  works. 
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WATER  SUPPLY,  DISTRIBUTION,  AND  MEASUREMENT. 

The  breadth  and  shallowness  of  the  bed  of  Kern  Eiver,  whose  banks 
are  only  3  to  6  feet  high,  facilitate  diversion  of  its  water.  The  lands 
irrigated  have  already  been  described. 

Diversions  are  numerous  both  toward  the  north  and  toward  the  south, 
and  are  usually  effected  by  the  use  of  light,  movable,  open -work  timber 
weirs,  above  which  water  is  forced  into  the  head  of  a  ditch  or  canal. 
The  flow  in  the  canals  is  controlled  by  gates  or  regulators,  usually  of 
the  inclined  or  vertical  flashboard  type. 

The  canals  on  the  north  side  of  the  river  have  an  aggregate  capacity 
of  several  thousand  second-feet;  those  on  the  south  side,  between  1,000 
and  2,000  second-feet. 

Most  of  the  Kern  River  canals  were  constructed  for  the  irrigation  of 
'  particular  tracts  of  land,  and  therefore  received  alignments  as  direct 
as  possible  from  the  point  of  diversion  to  the  land  to  be  irrigated. 
Their  location  in  a  position  to  command  as  much  land  as  possible  is 
exceptional.  The  Kern  Island,  Beardsley ,  McGord,  and  Calloway  canals 
are  auiong  the  exceptions.  On  Kern  Island  the  course  of  the  canals 
is  generally  in  the  direction  of  the  greatest  slope  of  the  ground's  surface. 
As  this  slope  is  represented  by  a  fall  of  about  7  feet  to  the  mile,  and 
the  soil  is  generally  easily  eroded,  check  weirs  or  drops  are  necessary 
to  check  the  flow  of  water  in  the  canals  and  to  render  diversion  into 
laterals  possible.  Such  structures  are  about  one-half  mile  apart  on  the 
principal  original  branches  of  the  Kern  Island  Canal.  There  are  25  of 
them  in  the  main  channel  of  the  Stine  Canal,  and  about  the  same 
number  on  the  Buena  Vista  Canal.    The  James  Canal  has  14. 

Despite  the  various  names  assigned  to  the  Kern  Eiver  canals  and  to 
the  corporations  which  own  them,  the  conflicting  interests  thereby 
indicated  do  not  all  exist.  Almost  the  entire  canal  and  ditch  system 
of  this  river  has  passed  into  the  control  of  the  two  great  proprietary 
Arms,  Haggin  &  Tevis  and  Miller  &  Lux,  and  contentions  as  to  water 
apportionment  are  usually  restricted  to  broad  questions  affecting  whole 
districts  rather  than  individual  diversions.  Until  a  satisfactory  allot- 
ment of  the  low-water  flow  of  the  river  was  agreed  to  by  these  Arms, 
comparatively  little  attention  was  paid  to  perfecting  a  system  of  water 
apportionment  either  from  the  river  or  from  the  several  canals.  It  was 
the  rule  for  each  irrigator  to  use  water  as  he  required  it,  so  long  as 
water  was  available.  The  only  canal  from  which  water  was  sold  until 
within  the  last  few  years  was  the  Kern  Island  Canal. 

The  plan  of  apiK>rtionment  of  water  in  the  case  of  the  Beardsley 
and  the  other  canals  owned  by  joint  stock  companies,  stock  being  held 
by  landowners,  gave  to  each  stockholder  a  part  of  the  water  in  the 
canal  proportional  to  the  amount  of  stock  owned,  but  the  distribution 
was  based  on  approximation,  without  attempting  measurement  of  the 
water  delivered. 
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The  allotment  of  water  to  the  irrigators  from  the  Eern  River  canals 
is  in  charge  of  canal  saperintendents,  who  are  assisted  by  ditch  tenders, 
locally  called  ^'  zanjeros."  The  canals  are  inspected  daily,  and  the  water 
applied  for  by  irrigators  is  delivered  into  their  irrigating  ditches. 
Water  is  sold  by  measarement,  being  delivered  through  measuring 
boxes. 

Before  1875  water  was  fnrnished  free  of  charge  from  the  Eern  Island 
Canal  to  irrigators^  in  order  to  encourage  its  ase.  During  the  years 
1875  to  1877  it  was  sold  at  l^  cents  per  24- hour  inch  (miner's  inch,  sup- 
posed to  be  under  4- inch  pressure,  equivalent  to  about  0.02  second-foot), 
aggregating  about  $1.50  per  acre  per  annum,  as  then  used  for  the  vari- 
oas  crops  cultivated.  In  1878  the  rate  was  increased  to  1^  cents  per 
24-hour  inch.  In  1879  the  Eern  Island  Canal  Company  charged  the 
following  rates  for  water: 

For  general  farming :  April  to  November  (inclusive),  1^  cents  per 
inch  nnder  a  4-inch  pressure,  for  twenty- four  hours.  December  to  March 
(inclusive),  1  cent  per  24- hour  inch. 

For  market  gardens:  For  12-inch  stream  and  upward  for  not  less 
than  one  half  month,  2  cents  per  inch  i>er  day  of  twenty-four  hours. 
For  48-inch  stream  and  upward  for  one  day  or  more,  2  cents  per  inch 
per  day  of  twenty- four  hours. 

For  house  lots  and  gardens :  12  inches  for  one  day  of  twelve  hours,  or 
24  inches  for  one-half  day  of  six  hours,  $1;  12  inches  for  one  night  of 
twelve  hours,  75  cents;  12  inches  for  one-half  day  of  six  hours,  or  24 
inches  for  three  hours,  75  cents;  24  inches  for  one  day  of  twelve  hours, 
$1.50;  24  inches  for  one  night,  $1.25;  24  inches  for  one  hour,  50  cents. 

The  prices  now  charged  vary  somewhat  for  the  different  canals,  being 
adjusted  according  to  operating  expenses.  They  range  from  about  30 
to  75  cents  per  second-foot  for  twenty-four  hours,  and  in  exceptional 
cases  have  been  below  the  lowest  rate  named. 

The  original  measuring  box  was  so  constructed  that  a  uniform  head, 
over  an  aperture  which  could  be  adjusted  to  the  number  of  inches 
called  for,  could  be  maintained.  The  area  of  the  aperture  was  con- 
trolled by  means  of  a  horizontal  sliding  board.  It  was  4  inches  in 
height,  and  the  surface  of  water  above  the  aperture  was  maintained  at 
4  inches  above  its  top.  Water  had  an  unobstructed  outfall  through 
the  aperture. 

This  gate  was  superseded  by  a  well-constructed  overfall  weir.  Water 
is  admitted  to  a  chamber  above  the  weir  by  means  of  a  gate  which 
affords  control  of  the  water  elevation.  The  depth  of  overfall  is  deter- 
mined by  measurements  to  the  water  surface  above  the  weir  from  a 
carefully  set  "level- board."  The  cubic  foot  per  second,  or  second- foot, 
has  recently  been  substituted  for  the  inch  as  the  unit  of  measurement. 
At  the  present  time  gates  with  submerged  orifice  are  preferred  and  are 
coming  into  general  use. 
IRB  17 5 
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On  the  South  Fork  Canal  no  system  of  measurement  has  been  intro- 
duced. Each  consumer  takes  what  he  requires  when  there  is  an 
abandant  flow  in  the  canal.  When  water  becomes  scarce,  a  canal 
superintendent  is  employed  to  apportion  the  water  to  the  canal  stock* 
holders. 

The  same  lack  of  system  in  water  measurement  prevailed  for  a  long 
time  on  the  Pioneer,  the  Beardsley,  and  many  other  canals  before  they 
passed  entirely  into  the  ownership  or  under  the  control  of  the  large 
water  corporations. 


METHODS  OF  IRRIGATING  AND  DUTY  OF  WATER. 

Alfalfa  and  cereals  are  still  the  principal  crops  irrigated  with  Kern 
Biver  water,  although  during  a  few  years  orchard  and  vineyard  areas 
increased  rapidly  in  the  colony  tracts  north  of  the  river.  The  demand 
for  water  for  the  large  areas  represented  by  the  alfalfa  and  wheat  fields 
has  led  to  special  effort  to  minimize  the  expense  of  applying  water  to 
the  soil.  The  system  of  wetting  the  soil  for  these  crops  is  generally  by 
flooding,  which  is  accomplished  in  various  ways.  The  most  primitive 
system,  rapidly  falling  into  disuse,  is  that  of  spreading  water  over  the 
surface  from  small  temporary  ditches,  sometimes  mere  plow  furrows^ 
located  on  high  ground,  and  controlling  the  overflow  from  these.  Skill 
is  required  to  cover  the  whole  surface  with  water;  the  progress  of  irri- 
gation is  slow  and  the  system  is  expensive  because  much  labor  is  required 
to  coQtrol  the  water.  The  only  advantage  of  this  system  is  that  its 
first  cost  is  small. 

Irrigation  by  flooding  in  rectangular  checks  is  confined  to  occasional 
orchards  and  vineyards  and  small  tracts  of  alfalfa.  The  fiivored 
method  of  applying  water  is  by  flooding  in  contour  checks.  Low,  flat 
embankments,  generally  1  j  feet  in  height,  rarely  2  feet,  are  thrown  np, 
which  closely  follow  contour  lines,  and  the  spaces  between  these  are 
divided  into  compartments  or  checks  by  means  of  cross  levees.  The 
areas  of  these  checks  range  from  less  than  1  acre  to  60  acres.  When  a 
tract  of  laud  checked  in  this  way  is  to  be  irrigated,  water  is  admitted 
to  the  highest  checks  first,  and  as  soon  as  the  flooding  of  a  highest 
check  is  complete  its  water  is  drawn  oft'  through  suitable  gates  to  the 
one  next  below,  into  which  the  irrigating  stream  is  turned  at  the  same 
time. 

The  labor  attached  to  this  system  of  irrigation  is  much  less  than 
that  required  by  the  method  of  wild  flooding,  but  the  first  cost  of  pre- 
paring land  is  considerable.  The  cost  of  land  preparation  will  of  oourse 
depend  upon  the  smoothness  of  the  surface  and  its  slope;  also  upon 
the  character  of  the  levees  between  compartments.  The  best  form  of 
these  levees  has  a  base  16  to  24  feet  in  width  and  slopes  so  flat  that 
any  kind  of  farming  implement  may  cross  them  in  any  direction. 
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The  foUowing  exam  pie  of  cost  of  land  preparation  and  ditching  nnder 
the  Galloway  Canal  has  been  taken  from  notes  by  Mr.  James  D. 
Schuyler:' 

The  ayerage  cost  per  acre  of  5,966  acres  prepared  in  this  way  was  as  follows: 
Earthwork,  $1.64;  waste  or  drainage  gates,  $0.51;  total,  $2.15.  The  average  cost  of 
lateral  canals,  including  neoessary  regulators  and  side  gates  to  supply  the  land,  was 
$4  per  acre,  making  the  total  cost  of  preparation  of  ground  $6.15  per  acre. 

These  check  levees  are  built  upon  1-foot  contours  with  about  20  feet  base;  the 
lateral  canals  are  from  one-fourth  to  one-half  mile  apart,  and  the  checks  range 
from  ten  to  fifty  acres  in  area.  From  15  to  20  miles  of  check  levees  are  required  per 
square  mile  of  land,  and  a  mile  of  levee  contains  3,080  cubic  yards.  The  soil  is  a 
sandy  loam,  easily  worked,  and  the  cost  of  preparation  shown  above  ia  probably 
leas  than  the  average  cost  of  such  works  elsewhere. 

The  laterals  can  supply  water  to  the  checks  between  them  at  a  rate 
generally  between  100  and  200  second-feet,  the  amoant  of  water  ordi- 
narily admitted  at  one  time  into  a  check  being  abont  50  to  70  second- 
feet  from  each  of  the  laterals  between  which  it  lies.  The  contours  on 
which  the  levees  are  constmcted  are  from  0.5  to  1  foot  apart  in  vertical 
elevation.  One  foot  was  first  adopted  as  the  vertical  distance  between 
eontoors,  but  experience  has  proved  it  to  be  better  to  redace  this  dis- 
tance, thereby  making  the  water  more  controllable  aud  at  the  same 
time  reducing  the  area  of  the  checks. 

In  filling  large  checks  water  stands  long  on  the  lowest  ground.  It  is 
customary  to  draw  it  off  into  the  next  check  as  soon  as  the  whole  sur- 
face is  submerged.  But  it  is  found  that  the  portion  of  the  check  sub- 
merged ibr  the  shortest  period  of  time  produces  a  crop  equally  as  good 
as  that  from  any  other  portion.  All  percolation  in  localities  where 
water  stood  more  than  the  minimum  time  allowed  for  the  high  places 
is  therefore  a  waste  of  water.  This  waste  in  large  checks  is  frequently 
so  great  that  a  check  can  hardly  be  filled,  as  water  is  lost  by  percolation 
almost  as  fast  as  supplied.  Economy  of  time  and  water  would  there- 
fore seem  to  demand  cheeks  smaller  than  those  in  common  use  at  present 
to  the  north  of  Kern  Biver,  wliere  the  average  area  of  checks  is  abont 
8  to  10  acres.  Moreover,  the  use  of  lower  check  levees  reduces  the 
obstructions  offered  by  the  check  system  to  farming  operations. 

it  can  be  shown  by  mathematical  demonstration  that  there  is  con- 
siderable loss  of  water  and  of  time  when  porous  soils  are  irrigated  in 
large  checks,  but  an  example  will  suffice. 

The  irrigation  of  a  00-acre  check  of  alfalfa  with  water  from  the  Gal- 
loway Canal  commenced  at  5  o'clock  p.  m.  on  May  12, 1885.  All  parts 
of  the  check  were  covered  and  irrigation  was  complete  about  8  a.  m. 
on  the  following  day.  No  accidents  causing  loss  of  water  had  occurred. 
The  amount  of  water  entering  the  check  was  stated  to  have  been  about 
250  second-feet  (one-half  the  amount  then  flowing  in  the  Calloway 
Canal).  This  is  presumed  to  be  an  overestimate,  and  it  will  be  safe  to 
say  that  at  least  the  maximum  amount  ordinarily  delivered  from  two 
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laterals  was  entering  the  cbeck.    This  amount  woold  be  aboat  150 
second  feet. 

During  the  time  reqaired  to  accomplish  the  irrigation  of  these  60 
acres  the  amount  of  water  entering  the  check  was  sufficient  to  have 
covered  it  to  a  depth  of  over  3  feet,  while  the  amount  in  the  check 
when  its  irrigation  was  complete,  and  which  was  in  part  available  for 
irrigation  in  lower  checks,  had  an  average  depth  of  about  0.75  foot. 
The  total  amount  absorbed  was  therefore  over  2.25  feet,  and  it  must  be 
presumed  that  much  more  water  sank  into  the  ground  in  those  parts  of 
the  check  which  were  lowest  and  had  water  standing  on  them  fifteen 
hours  than  in  those  parts  which  were  highest  and  were  submerged  only 
from  two  to  three  hours. 

For  economic  irrigation  the  volume  of  water  applied  and  the  areas 
of  the  checks  should  be  so  adjusted  that  no  portion  of  the  check  will 
be  under  water  more  than  twice  as  long  as  the  period  of  desirable  inun- 
dation. In  porous  soils  the  full  head  of  water  can  generally  be  allowed 
to  flow  into  a  check  until  irrigation  is  complete.  In  heavy  soils  there 
is  less  danger  of  excessive  waste,  absorption  by  the  soil  is  less  rapid, 
and  the  head  of  water  may  be  reduced  as  soon  as  the  whole  surface  of 
the  check  is  submerged.  A  rapid  delivery  of  the  surplus  water  from 
an  irrigated  check  into  the  one  next  below  it  is  essential  to  economic 
irrigation  by  the  contour-check  method. 

Irrigation  from  the  Calloway  Oanal  in  May,  1885,  was  progressing  at 
the  rate  of  200  to  400  acres  per  day.  The  flow  of  the  canal  was  450  to 
475  second-feet.  In  other  words,  the  irrigated  tracts  were  receiving 
water  at  the  enormous  gross  rate  of  130,000  cubic  feet  per  acre,  equiv- 
alent to  an  average  depth  of  about  3  feet  over  all  lands  irrigated. 

A  new  system  of  irrigation  by  flooding  has  recently  been  tried  on 
some  of  the  land  commanded  by  the  CaUoway  Canal.  This  system 
consists  in  the  construction  of  parallel  levees  which  follow  lines  of 
greatest  slope  at  short  intervals.  These  levees  are  low,  not  over  1 
foot  high,  and  are  placed  50  to  200  feet  apart.  There  is  between  each 
two  a  long,  narrow  strip  of  land,  crossed  at  intervals  by  a  levee  at  right 
angles  to  the  embankment  on  each  side.  These  cross  levees  have  along 
their  bases  distributing  ditches  with  gates  on  their  lower  sides,  so 
arranged  that  water  can  be  admitted  into  the  compartment  between 
the  levees  lying  next  below.  Flooding  is  accomplished  by  admitting 
water  in  large  quantities  to  a  compartment  at  its  upper  end  and  allow- 
ing it  to  flow  in  a  broad,  shallow  sheet  to  the  lower  end.  Water  not 
absorbed  in  thus  passing  through  a  check  is  collected  at  the  upper  base 
of  the  lower  cr68S  levee  and  is  allowed  to  find  its  way  back  into  the 
distributing  canals  for  use  at  points  below.  Only  laud  with  a  smooth 
surface  aud  of  very  slight  slope  can  be  irrigated  in  this  way.  The 
system  is  better  adapted  for  alfalfa  fields  than  for  grain  land,  because 
in  the  former  the  surface  of  the  soil  is  more  compact  and  the  plants 
offer  more  resistance  to  the  flowing  water. 


DUTY  OF  WATER  ON  KERN  RIVEB. 


69 


The  following  examples  of  irri^tion,  illiistrating  the  dafy  of  water, 
are  in  part  taken  from  Mr.  James  D.  Schnyler's  report  to  the  State 
engineer  in  1880J  The  latter  ones  are  from  anpublished  data  collected 
and  prepared  for  the  nse  of  the  State  engineer  in  his  final  pablication, 
which  has  not  been  issued. 

In  the  following  table  the  quantity  of  water  used  by  some  Chinese 
vegetable  gardeners  in  1879  from  the  Kern  Island  Canal,  near  Bakers- 
field,  is  noted.    The  data  on  which  the  table  is  based  are  reliable. 

QnanHiy  of  water  u»ed  &y  gardeners  in  1879  from  the  Kem  Island  Canal,  near  Bakersfietd, 


Name  of  iirigator. 


SinMoa. 
AbCow. 
Ab6«e  . 
AbSoDg 
Ah  Lung 
Sing  Lee 


Aem. 

30.0 

.8 

50.0 

3.2 

8.2 

10.0 


OubicfwL 
5,320.800 
1.331,840 
6.875,000 
2,751,200 
2,322,482 
1,668,880 


Average  ! 
depth  of 

water 
uaecl  on 

land. 


Cost  of  I 

wat«r  per 

acre. 


Period  of  irrigation. 


$1.07 

20i00 

1.42 

10.00 

6.17 

1.92 


Dec.,  Feb.  to  Jnne  (incl.). 
Feb.,  Mar.  to  Jane  (incl.). 
Jan.,  Mar.  to  Jnne  (incl). 
Jan.  to  Jane  (incl.). 
Feb.  to  Jane  (incl.). 
Apr.  to  Jane  (incl.). 


The  smaller  of  the  gardens  irrigated  have  a  stream  of  6  to  12  inches 
(0.12  to  0.24  second-foot)  rnnning  continuously,  day  and  night. 

On  sees.  1  and  2,  T.  30  S.,  B.  27  E.,  2  miles  sonth  and  west  of  Bakers- 
field,  along  Panama  Slongh,  where  the  land  receives  the  percolation  of 
several  channels,  natural  and  artificial,  a  field  of  50  aCres  of  alfalfa  is 
irrigated  in  six  days  and  nights  with  a  stream  equal  to  1^  second-feet, 
and  an  orchard  of  20  acres  is  irrigated  in  two  days  and  one  night  with 
the  same  amount.  The  discharge  would  be  equivalent  to  a  depth  of 
0.36  and  0.37  foot,  respectively,  over  the  land  irrigated.  The  soil  is  an 
alluvial  loam.  The  orchard  is  irrigated  once  a  month,  and  the  alfalfa 
field  once  or  twice  a  year,  or  more,  when  it  is  used  as  a  pasture. 

SE.  i  sec.  30,  6^  miles  south  of  Bakersfield,  was  irrigated  first  in 
1878.  Four  acres  can  be  irrigated  in  twenty-four  hours  with  7  second- 
feet.  Allowing  a  loss  of  1  second-foot  in  transit  from  canal  to  lands, 
this  amount  would  be  equal  to  a  depth  of  3  feet  over  the  whole  area. 
The  soil  is  a  sandy  loam.  Surface  water  is  at  a  depth  of  6  feet,  rising 
to  3  feet  after  irrigation  and  subsiding  again.  The  crops  irrigated  are 
wheat,  barley,  beans,  sweet  potatoes,  alfalfa,  and  orchard  and  small 
fruits.  The  water  used  in  1878  cost  $1.03  x>6r  acre,  and  in  1879  it  cost 
81  cents  per  acre. 

On  SW.  ^  sec.  31, 7^  miles  south  of  Bakersfield,  a  first  irrigation  of  40 
acres  in  May  and  June,  1879,  was  efi'ected  with  1,209,600  cubic  feet  of 
water,  equivalent  to  a  depth  of  0.7  foot  over  the  whole  area.  The  land 
was  thoroughly  soaked  in  the  spring  by  a  break  in  the  canal,  and 
received  the  benefit  of  constant  percolation.    Cost  per  acre  of  the  only 
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irrigation  given  was  25  ceAts.  The  Boil  is  a  sandy  loam  containing 
decayed  vegetable  matter.    Crops,  cereals. 

On  sec.  32, 7|  miles  south  of  Bakersfleld,  from  Joly  23  to  29,  inclusive, 
six  days,  40  acres  were  thoroughly  saturated  with  a  discharge  of  7.73 
second-feet,  equivalent  to  a  depth  of  2.3  feet  over  the  whole  area.  The 
land  had  been  irrigated  but  once  before  this  season — ^the  first  week  of 
May.  It  was  dry  to  a  depth  of  6  inches,  while  surface  water  stood  at 
a  depth  of  3.75  feet  below  suriiace.  The  land  was  first  irrigated  in  the 
spring  of  1878,  when  surface  water  stood  at  a  depth  of  17.5  feet.  After 
first  irrigation  it  rose  to  12  feet;  after  first  irrigation  in  1879  it  rose  to 
3.75  feet,  where  it  remains.  The  soil  is  an  alluvial  sandy  loam,  mixed 
with  partially  decayed  tule  roota  to  a  depth  of  17  feet,  and  underlain 
by  a  stratum  of  clay  12  to  14  inches  thick.  The  crops  are  wheat,  barley, 
alfalfa,  and  corn.  The  average  number  of  irrigations  during  the  season 
is  about  one  and  a  half.  The  average  cost  of  water  per  acre  is  70 
cents.  The  average  cost  of  labor  (Chinese)  per  irrigation  is  8  to  10 
cents.  A  part  of  the. land  is  irrigated  by  the  check  system,  and  apart 
by  the  small  ditch  or  wild  flooding  system. 

On  sec.  5,  T.  31  S.,  E.  28  E.,  8^  miles  from  Bakersfield,  adjoining  the 
last-named  section,  with  similar  soil,  and  cultivated  the  same  length  of 
time,  a  record  was  kept  of  the  quantity  of  water  used  for  the  second 
irrigation  of  a  tract  of  1 50  acres  of  corn.  The  total  discharge  in  twenty- 
one  days  was  10,004,736  cubic  feet,  sufficient  to  have  covered  the  land 
to  a  depth  of  2»45  feet.  The  land  had  been  irrigated  in  February  or 
March  for  wheat,  but  it  was  so  late  that  only  weeds  sprouted.  In  June 
the  land  was  irrigated  again  to  prepare  it  for  corn,  and  the  last  irriga- 
tion noted  above  was  from  July  23  to  August  12.  The  total  cost  of 
labor  employed  for  the  last  irrigation  of  corn  was  $80.50,  or  53.67  cents 
per  acre.  The  total  cost  for  water  and  lal>or  was  $1.20  per  acre.  The 
total  cost  of  water  used  on  the  section  during  the  season  for  350  acres 
of  wheat  and  150  acres  of  corn  was  $452.32,  or  90.5  cents  per  acre. 

On  sec.  7,  T.  31  S.,  B.  28  E.,  the  first  irrigation  of  50  acres  of  corn  (the 
land  having  been  wet  before  plowing  in  May)  was  accomplished  in  ten 
days— July  21  to  30 — with  an  average  discharge  of  7.2  second-feet, 
equivalent  to  a  depth  of  2.86  feet  over  the  whole  area.  The  total  cost 
for  water  was  31  cents  per  acre.  The  total  cost  of  water  for  the  season 
for  irrigation  of  90  acres  of  wheat  and  barley,  50  acres  of  corn,  and  70 
acres  of  alfalfa  was  55  cents  i)er  acre.  The  soil  was  in  part  black,  stiff 
loam,  almost  adobe  in  texture,  in  part  loam  mixed  with  sand,  and  in 
part  coarse  sand  underlain  by  quicksand.  Most  of  the  land  under 
cultivation  was  irrigated  this  year  for  the  first  time.  The  ranch  conld 
nearly  all  be  subirrigated.  but  the  owner  preferred  the  small  ditch  sys- 
tem. He  thinks  that  next  year  his  land  will  absorb  not  more  than 
one-half  the  water  it  has  this  year. 

On  sees.  21,  28,  and  33,  T.  31  S.,  E.  28  E.,  and  sec.  4,  T.  32  S.,  R.  28 
E.,  12  miles  flrom  Bakersfield,  in  the  vicinity  of  Ketn  Lake,  800  acres 
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of  wheat,  eorn,  and  a1£»lfa  were  irrigated  onoe,  250  acres  irrigated 
twice,  and  100  acres  three  times.  The  entire  acreage  required  a  total  of 
66,450,000  cnbic  feet  of  water  during  the  season — equivalent  to  a  depth 
of  1.33  feet  at  each  irrigation.  The  average  cost  of  water  was  50  cents 
per  acre  for  the  season.  The  soil  is  a  stiff,  black  loam,  1  to  2^  feet  thick, 
underlain  by  yellow  day  2  to  4  feet  thick,  beneath  which  surface  water 
is  abundant  in  a  stratum  of  sand.  Moistnre  is  also  found  above  the 
clay,  maintained  by  drainage  of  lands  above. 

On  sec.  4,  T.  31  S.,  B.  27  E.,  in  one  experiment  3^  acres,  prepared  with 
care,  leveled,  and  checked  with  proper  levees,  were  covered  in  fifteen 
hoars  with  an  average  discharge  of  2§  second-feet,  equivalent  to  a 
depth  of  0.87  foot  over  the  whole  area.  The  land  lies  adjacent  to 
Panama  Slough,  from  which  it  receives  moisture  by  percolation.  The 
soil  is  a  sandy  loam  of  considerable  depth.  The  surface  water  is  8  feet 
below  the  surface.    The  land  .had  been  irrigated  four  or  five  years. 

At  Livermore  Ranch  (Greenfields),  sees.  18, 20, 29, 30, 31, 32,  T.  31  S., 
B.  29  £.,  and  sec.  5,  T.  32  S.,  E.  29  E.,  the  average  number  of  water- 
ings required  is  IJ — one  general  irrigation  and  a  second  irrigation  on 
the  drier  spots.  The  average  cost  per  acre  for  labor  of  irrigation  is  12 
to  15  cents.  The  average  cost  for  the  season  for  labor  and  water  is 
$1.50  -per  acre.  The  water  was  shut  off  ^m  March  17  till  May  15, 
eaastng  the  failure  of  300  acres  of  barley  and  600  acres  of  wheat  that 
had  been  sown.  No  data  could  be  obtained  as  to  the  quantity  of  water 
used  x>6r  acre.  The  ranch  being  at  the  terminus  of  the  main  canal  and 
the  central  branch,  the  snpply  fluctuates  according  to  the  demands  from 
tiie  lands  above. 

Mr.  Schuyler  says:  ^^ These  examples  are  all  taken  from  lands 
veqniring  comparatively  little  water,  as  they  are  all  subject  to  percola- 
tion from  numerous  sources.  Most  of  the  lands  referred  to  are  irri- 
gttited  from  the  Kem  Island  Oanal.  This  being  the  only  can^  in  the 
county  from  which  water  is  sold  by  measurement,  the  data  afforded 
segarding  the  cost  of  irrigation  and  the  quantity  consumed  are  more 
4efinite  and  reliable  than  any  that  could  be  obtained  elsewhere."  . 

A  few  other  examples  may  be  given  as  approximately  correct  to  illus- 
trate the  thirstiness  of  other  classes  of  soils. 

On  Bellevue  Ranch,  T.  30  S.,  B.  27  E.,  no  exact  data  as  to  volume  of 
water  used  coald  be  obtained.  The  average  number  of  irrigations 
required  for  cereals  is  two  to  three,  one  being  sometimes  sufficient  in 
seasons  of  favorable  rainfall.  For  alfalfa  three  or  four  irrigations  are 
generally  needed;  for  corn  two  are  sufficient.  The  soil  is  sandy,  with 
streaks  of  heavy  loam  marking  the  course  of  old  sloughs. 

On  McGlnag  Banch,  sees.  3,  4,  and  5,  T.  30  S.,  B.  26  E.,  and  sec.  1  iu 
township  adjoining,  the  first  year  of  irrigation  (1874)  a  ditch,  de- 
seribed  as  <<12  feet  wide  on  bottom,  2  feet  deep,  with  a  good  average 
flow,''  was  discharged  for  seven  months  upon  100  acres  before  the  land 
was  satorated.    If  this  be  true,  such  a  ditch,  with  side  slopes  1  to  1  and 
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grade  of,  say,  2  feet  per  mile,  would  have  discharged  enongh  water  io 
that  time  to  cover  the  land  166  feet  deep.  The  water  was,  of  course, 
not  confined  to  the  immediate  neighborhood  of  the  tract  upon  which  it 
wafi  discharged,  but  spread  for  miles  in  underground  channels,  filling 
up  the  loose  porous  soil  to  a  depth  of  several  feet.  The  average  head 
of  water  which  one  man  can  conveniently  handle  in  irrigating  on  the 
McGlung  Ranch  is  what  will  pass  through  a  gate  4  feet  wide  with  a 
depth  of  overfall  of  about  1  foot,  equivalent  to  about  13  second-feet, 
and  with  this  from  1  to  6  acres  per  day  (of  twelve  hours)  can  be  irri- 
gated. This  discharge  is  sufficient  to  cover  the  land  from  2  to  13  feet 
deep.  The  land  has  been  irrigated  from  three  to  four  years,  and  absorbs 
a  trifle  less  each  year;  but  if  irrigation  be  suspended  for  one  season  the 
surface  moisture  drains  away,  and  the  following  year  much  more  would 
be  required  than  would  have  sufficed  the  previous  year.  This  is  the 
case,  to  a  greater  or  less  extent,  in  all  parjts  of  the  valley  of  Kern  Biver. 
On  the  lands  cited  in  this  example  one  thorough  soaking  is  sufficient 
to  produce  a  crop  of  cereals,  with  enough  rainfall  to  sprout  the  grain. 
With  no  rain  two  irrigations  are  required — one  to  prepare  the  land,  the 
other  to  mature  the  crop.  Alfalfa  requires  three  to  four  waterings 
through  the  season  to  maintain  a  vigorous  growth.  The  soil  is  a  coarse 
sand  and  sandy  loam  of  great  depth. 

In  sec.  13,  T.  29  S.,  B.  27  E.,  on  a  strip  of  bottom  land  between  the 
McGord  Canal  and  Galloway  Slough,  80  acres  of  alfalfa  have  been  irri- 
gated in  four  days  and  nights  with  a  discharge  of  about  6  second-feet, 
sufficient  to  have  covered  the  ground  to  a  depth  of  0.6  foot.  The  land 
had  been  irrigated  for  two  or  three  years.  The  soil  is  an  alluvial  loam 
having  an  elevation  of  but  5  or  6  feet  above  the  river,  and  receiving 
constant  moisture  from  below  by  percolation.  The  crop  was  irrigated 
twice  during  the  season  prior  to  August  1. 

On  sec.  14,  T.  29  S.,  E.  27  E.,  with  a  discharge  equal  to  about  2  second- 
feet  2  acres  of  corn  can  be  covered  in  a  day  of  twelve  hours,  equiv- 
alent to  a  depth  of  about  2  feet  over  the  whole  area.  This  example 
was  given  as  the  fourth  and  last  irrigation  of  the  tract  in  the  season, 
the  land  having  been  wet  once  before  seeding  and  three  times  after. 
The  land  had  been  irrigated  several  years.  The  soil  is  a  brown  sandy 
loam  1  to  6  feet  deep,  underlain  by  hardpan  not  wholly  impervious. 

On  sec.  8,  T.  29  S.,  E.  27  E.,  alfalfa  is  said  to  require  irrigation  twice  a 
month.  Wheat  is  irrigated  once  before  and  twice  after  planting. 
Corn  requires  five  irrigations,  the  first  of  which  is  given  before  seed- 
ing, in  May,  the  last  in  the  latter  part  of  July.  The  soil  is  a  sandy 
loam  2  feet  deep,  underlain  by  2  feet  of  yellow  hardpan.  No  data  as 
to  quantity  of  water  required  at  each  irrigation  were  obtained. 

On  sec.  27, T.  28  S.,  E.  26  E.,  the  first  irrigation  was  in  1879.  Wheat 
required  three  or  four  irrigations,  one  prior  to  sowing.  The  land  was 
irrigated  by  the  check  system,  by  which  two  men  could  water  160  acres 
in  four  days,  at  a  cost  of  about  10  cents  per  acre  per  irrigation  for 
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labor.  The  soil  is  similar  in  character  to  that  cited  in  the  foregoiDg 
example. 

At  Poso  Ranch,  sec  9,  T.  27  S.,  K.  25  E..  a  test  was  attempted  to  ascer- 
tain, if  possible,  the  quantity  of  water  absorbed  by  the  desert  lands 
on  the  plains  north  of  Kern  River,  now  supplied  by  the  Calloway  Canal. 
A  check  containing  3f  acres  was  prepared  and  water  was  admitted  in  as 
li^eat  qaantity  as  was  expedient  for  the  safety  of  the  newly  built  banks 
about  the  gates.  An  hourly  record  of  the  head  was  kept,  the  discharge 
being  from  4  to  9  second-feet.  Eleven  hours  were  required  to  fill  the 
check  sufficiently  to  barely  cover  the  highest  ground,  when  the  water 
was  shut  off.  Next  morning  all  the  water  had  soaked  away.  The 
qaantity  discharged  was  sufficient  to  have  covered  the  whole  area  to  a 
depth  of  1.75  feet.  A  x>ortion  of  the  area  doubtless  absorbed  live  times 
as  much  as  the  higher  spots,  as  the  percolation  seemed  to  be  entirely 
downward,  and  not  in  a  lateral  direction.  Three  weeks  later  the  check 
was  filled  in  four  hours  and  twelve  minutes,  with  an  average  discharge 
of  13.35  second-feet,  the  ground  being  covered  to  an  average  depth  of 
1.25  feet.  Some  time  between  these  two  experiments  the  land  was 
flooded  by  the  breaking  of  a  check  above.  The  total  quantity  absorbed 
by  the  three  waterings  was  probably  not  less  than  4  to  5  feet.  The  soil 
is  a  brown  sandy  loam,  of  unknown  depth,  but  probably  greater  than 
20  feet  to  hardpan. 

All  of  the  above  examples,  illustrating  at  once  the  practice  of  irriga- 
tion and  the  amount  of  water  required,  are  the  result  of  inquiries  and 
exi>eriments  made  in  1879.    To  these  the  following  can  now  be  added. 

On  sec.  30,  T.  30  S.,  R.  28  E.,  in  August,  1881,  water  from  the  Kern 
Island  Canal  was  used  tor  five  days  to  the  extent  of  3.63  second-feet 
for  the  irrigation  of  30  acres  of  corn.  The  amount  of  water  was  equiv- 
alent to  1.21  feet  over  the  entire  area.  The  water  was  applied  by  the 
furrow  system  of  irrigation.  The  soil  is  very  variable,  generally  light 
and  loamy.  Its  character  ranges  from  pure  sand  to  black  adobe.  Soil 
water  is  at  a  depth  of  8  or  9  feet. 

On  the  same  section  as  the  last,  60  to  70  acres  of  wheat  were  irrigated 
by  flooding  in  checks  lying  between  contour  lines.  The  surface  of  the 
ground  is  smooth  but  not  level.  Water  was  used  for  eleven  days 
in  December,  January,  and  February,  at  the  rate  of  3.61  second-feet, 
equivalent  to  a  depth  of  1.21  feet  over  the  whole  surtace.  It  was  again 
used  for  eight  days  in  March,  at  the  rate  of  3.26  second-feet,  equivalent 
to  a  depth  of  0.97  feet  over  the  entire  surface.  The  ground  received 
another  iirigation  between  April  1  to  5,  four  days  in  all;  water  was 
used  at  the  rate  of  5.20  second-feet,  and  the  equivalent  average  depth  of 
water  over  the  entire  surface  was  1 .37  feet.  The  whole  amount  of  water 
consumed  in  the  irrigation  of  the  wheat  was  therefore  equivalent  to  an 
average  depth  of  4.18  feet  of  water  over  all.  Alfalfa  was  irrigated  on 
the  same  section  to  the  extent  of  50  to  60  acres.  The  water  used  tor  it 
prior  to  the  end  of  May,  1882,  was  5.20  second-feet  for  fourteen  days  in 
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March,  and  7.36  second-feet  for  fifteen  days  in  May.  The  amonnt  of 
water  which  the  alfalfa  field  received  in  these  two  irrigations  was 
equivalent  to  a  depth  of  6.61  feet.  It  was  proposed  to  give  it,  and 
it  probably  received,  two  more  irrigations  snbseqnent  to  the  two  here 
noted. 

Sec.  31,  T.  30  S.,  B.  28  E.,  has  a  loamy  soil  which  does  not  crack  or 
bake  in  drying,  contains  a  small  excess  of  alkali,  and  ranges  in  tex- 
tare  from  sand  to  black  adobe.  In  1881  wheat  to  the  extent  of  125 
acres  was  irrigated  by  flooding  in  checks.  The  snrface  of  the  ground 
is  smooth  but  not  level.  The  gronnd  was  wet  before  plowing  in  Janu- 
ary. The  amount  of  water  it  rec^eived  at  that  time  was  equivalent  to  a 
layer  5.01  feet  thick.  It  received  a  subsequent  irrigation  equivaleiit 
to  a  depth  of  0.69  foot  of  water.  The  total  average  depth  of  water 
delivered  to  the  land  was  therefore  5.70  feet. 

On  the  same  section,  in  1882,  a  wheat  field  of  350  acres  was  supplied 
with  water  for  sixteen  days  in  the  first  part  of  January.  Water  was 
used  at  the  rate  of  3.2G  second-feet,  equivalent  to  an  average  depth  of 
0.30  foot.  It  received  water  again,  at  the  rate  of  7.41  second  feet,  from 
April  1  for  seventeen  days,  equivalent  to  0.76  foot  in  depth  over  the 
whole  area.  For  fourteen  days,  from  April  25  to  May  8,  it  again 
received  water,  at  the  rate  of  8.60  second-feet,  equivalent  to  a  depth  of 
0.66  foot  over  the  whole  area.  The  aggregate  average  depth  of  water 
received  by  this  whole  tract  in  1882  was  therefore  1.72  feet. 

On  sec.  6,  T.  31  S.,  R.  28  E.,  having  soil  of  the  same  character  as  that 
described  above  for  sec.  31, 120  acres  of  com  land  were  irrigated,  from 
April  18  to  24,  in  1882.  This  irrigation  was  preparatory  to  the  planting, 
and  was  equivalent  to  a  depth  of  0.78  foot  over  the  whole  surface  of  the 
land.    The  corn  received  one  more  irrigation. 

On  sec.  32,  T.  30  S.,  R.  28  E.,  whose  soil  is  mostly  a  sandy  loam,  but 
ranges  from  pure  sand  to  a  dark  vegetable  loam,  130  acres  of  wheat 
were  irrigated  in  March  and  April,  1881.  The  head  of  water  used  was 
9.91  second-feet.  The  depth  to  which  it  would  have  eovered  the  ground 
averaged  2.34  feet.    Oround  water  is  at  about  17  feet  below  the  surfiiee. 

On  the  same  section,  in  May,  June,  and  July,  1881,  80  acres  of  com 
received  water  to  the  extent  of  an  average  depth  over  all  of  6.35  feet. 
The  head  of  water  was  9.91  second-feet.  On  the  same  section  a  6-aci« 
orchard  was  irrigated  in  August  and  September,  1881,  and  received 
water  enough  to  cover  the  6  acres  4.53  feet  deep.  The  water  used  was 
4.56  second-feet.  On  the  same  section,  in  March,  1882,  an  old  alfalfa 
field  of  100  acres  was  inigated  and  absorbed  water  equivalent  to  a 
depth  of  2.52  feet.  The  head  of  water  used  was  12.10  seeond*feet.  On 
the  same  section,  in  March,  1882.  newly  sown  alfalfa  was  irrigated;  its 
area  was  120  acres.  It  received  water  at  the  rate  of  12.10  seoond^feet. 
The  total  amount  of  water  it  received  was  equivalent  to  a  d^th  of  2JBQ 
feet  over  the  whole  area.    It  was  again  irrigated  in  May,  reeeiviag  &00 
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aecondrfeet  for  eight  days,  or  sufficient  water  to  cover  it  0.98  foot  deep. 
It  was  proposed  to  give  the  newly  sown  alfalfa  one  more  irrigation  in 
1882. 

On  sec.  7,  T.  31  S.,  B.  28  E.,  whose  soil  varies  from  a  light  sandy  loam 
to  a  black  sandy  vegetable  mold,  with  ground  water  at  from  4  to  10  feet 
below  the  surface,  300  acres  were  sown  tio  wheat  in  1882;  alfalfa  was 
sown  with  the  wheat.  The  ground  was  not  irrigated  before  sowing. 
The  irrigation  of  this  tract  commenced  on  February  25  and  was  com- 
pleted  on  April  6;  water  was  used  for  forty  one  days  at  the  rate  of  8.21 
seeond-feet.  The  total  amount  consumed  in  irrigating  the  300  acres 
was  equivalent  to  a  layer  2.22  feet  thick  over  all.  The  wheat  did  not 
reqnii'e  any  further  irrigation.  The  young  alfalfa  was  irrigated  again 
after  the  wheat  had  been  harvested. 

rRRIGATION  FROM  POSO  CRKEK. 

Poso  Greek  is  a  small  foothill  stream  just  northward  from  Kern  River, 
which  flows  for  several  months  each  year.  Its  drainage  basin  has  an 
area  of  about  289  square  miles.  The  creek  has  not  been  used  to  any 
considerable  extent  for  irrigation,  because  there  is  but  little  land  that 
can  be  commanded  with  its  water  except  at  considerable  expense,  and 
because  its  brief  irregular  flow  did  not  seem  to  justify  works  to  benefit 
large  sections.  It  was  not,  therefore,  until  the  irrigation-district  law 
went  into  efl'ect  that  a  combination  of  interests  led  to  the  projection 
and  partial  execution  of  works  of  considerable  magnitude.  Several 
small  private  ditches  were  in  use  before  the  organization  of  the  Poso 
irrigation  district,  but  no  complete  list  of  these  is  available.  One  of 
them  is  the  Purcell  Ditch,  which  takes  water  from  the  south  side  of 
Poso  Greek,  about  8  miles  above  Poso.  The  ditch  was  made  12  feet 
wide  and  2  feet  deep,  and  was  in  use  in  1885  for  the  irrigation  of  about 
400  acres  of  alfalfa,  immediately  below  the  head  of  the  ditch  and  adja- 
cent to  the  creek.  Another  ditch,  on  the  south  side  of  the  creek,  is  the 
Creasey  Ditch,  constructed  in  1885  for  the  irrigation  of  300  acres  of 
land  about  4  miles  above  Poso.  The  head  of  the  ditch  is  about  2  miles 
below  the  head  of  the  Purcell  Ditch.  It  was  made  16  feet  wide  on  the 
bottom.  The  Bhymes  and  Hughes  ditches  are  small  ones,  somewhere 
in  the  foothill  section  drained  by  the  creek,  concerning  which  nothing 
definite  is  known  except  that  they  were  in  use  for  many  years. 

POSO  IRRIGATION  DISTRICT. 

This  district  was  organized  in  1888.  Its  bond  issue  is  $500,000.  It 
has  an  area  of  about  40,000  acres,  located  to  the  north  of  Poso  Oreok, 
at  the  western  base  of  the  Sierra  Nevada  foothills,  in  Kern  County. 
The  contemplated  works  for  the  irrigation  of  the  district  are  far 
advanced,  though  not  yet  completed.  Much  work  on  them  was  done  by 
day's  labor  before  it  was  decided  to  be  advantageous  to  let  contracts. 
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Water  for  the  district  lands  is  to  be  obtained  from  a  system  of  reser- 
voirs in  the  drainage  basin  of  Poso  Greek,  which  are  to  supplement  the 
creek's  natural  flow.  The  first  reservoir,  now  constructed,  is  formed 
by  means  of  an  earthwork  dam  to  be  raised  to  a  maximum  height  of 
70  feet,  but  now  only  half  finished.  Its  capacity  when  completed  will 
be  about  7,000  acre-feet  From  it  water  flows  in  the  channel  of  Poso 
Creek  about  7  or  8  miles  to  a  point  where  it  is  diverted  into  a  flume  by 
means  of  a  granite  dam,  whose  greatest  height  is  about  16  feet.  The 
flume  shown  in  PL  XIV,  A  and  B^  is  about  3  miles  long  and  delivers 
its  water  into  an  apparently  well-constructed  hillside  ditch  which  has 
a  length  of  about  30  miles  before  reaching  the  district.  Two  other 
flumes  are  in  use  on  the  canal  line  to  carry  the  water  over  deep  ravines. 
The  flumes  have  a  width  of  8  feet  and  are  planned  to  carry  water  4 
feet  deep.  Water  was  sent  through  the  canal  for  the  first  time  this 
season,  but  only  for  the  purpose  of  testing  the  work.  This  upper  dis- 
trict canal  is  supplemented  by  a  lower  canal  which  leaves  the  creek 
about  10  miles  above  Famosa  and  commands  the  western  portion  of 
the  district.  This  lower  canal  is  in  service,  but  irrigation  is  extending 
very  slowly. 

IKRIGATIOl^  FROM  DEER  CREEK. 

Deer  Creek  is  a  small  stream  draining  about  110  square  miles  of  Sierra 
Nevada  foothill  lands  lying  southward  from  the  Tule  River  basin.  It 
flows  into  San  Joaquin  Valley  during  several  months  of  the  year;  rarely, 
however,  as  late  as  July.  Its  water  ordinarily  sinks  within  10  or  12 
miles  of  the  foothills,  but  occasional  freshets  have  sent  it  as  far  as 
Tulare  Lake.  The  summer  flow  of  the  creek,  which  is  very  small,  does 
not  reach  the  San  Joaquin  Valley  lands. 

WinfielA  Ditch. — This  is  a  small  ditch  on  the  south  side  of  Deer  Creek, 
having  its  head  about  4  miles  above  the  point  where  the  creek  breaks 
out  upon  the  main  valley  plain.  It  was  constructed  in  1858,  is  between 
3  and  4  miles  long  and  3  to  4  feet  wide,  and  supplies  water  to  several 
hundred  acres  of  creek  bottoms.  It  has  been  in  use  continuously  since 
its  construction.  The  entire  low-water  flow  of  the  creek  is  taken  into 
the  ditch. 

Carothers  Ditch. — The  head  of  this  ditch  is  on  the  north  side  of  Deer 
Creek,  about  a  mile  above  the  point  where  the  creek  reaches  the  border 
of  San  Joaquin  Valley.  It  was  constructed  in  1885,  but  takes  its  name 
from  an  older  ditch  (constructed  in  1868)  which  had  for  many  years 
been  out  of  service.  It  has  a  westerly  course,  and  is  about  5  miles  long 
and  4  feet  wide  on  the  bottom. 

Deer  Greek  Consolidated  Ditch  {Sausalito  Ditch). — ^This  is  the  principal 
irrigation  work  on  Deer  Creek.  The  head  of  the  ditch  is  on  the  south 
side  of  Deer  Creek,  about  12  miles  in  a  direct  line  above  Belleville  and 
about  3  miles  below  the  head  of  Carothers  Ditch.    The  ditch  is  carried 
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along  the  soath  side  of  Deer  Greek,  close  to  the  creek  channel,  for  a  dis- 
tance of  nearly  8  miles;  thence  its  course  is  diagonally  across  the  creek 
bed  to  its  north  side.  From  this  point  the  coarse  of  the  ditch  is  west- 
erly and  soathwesterly,  in  a  number  of  braucbes,  which  deliver  water  to 
lands  lying  to  the  east  and  northeast  of  Belleville.  The  crossing  of 
the  sandy  bed  of  Deer  Creek  is  effected  between  embankments  of  sand, 
which  are  sure  of  destruction  during  freshets,  but  which  are  quickly 
restored.  The  lower  portion  of  this  ditch  system  was  constructed  in 
1875  and  1876.  Two  sets  of  farmers  commenc'ed  operations  independ- 
ently,  but  soon  found  it  advantageous  to  unite  their  interests  and 
construct  a  ditch  in  common.  It  was  soon  found  necessary  to  substi- 
tute an  artificial  channel  on  firm  ground  for  the  porous  creek  bed  from 
the  foothills  to  the  head  of  the  original  ditch,  and  this  led  to  the  con- 
struction of  the  upper  section  of  the  ditch  in  1878.  The  main  ditch 
has  somewhat  irregular  dimensions.  Its  bed  width  is  generally  about 
10  feet.  Its  capacity  has  been  estimated  at  40  second  feet.  The 
capacity  of  the  lower  section  of  the  ditch,  on  the  north  side  of  the 
creek,  is  about  30  second-feet.  The  cost  of  this  irrigation  system,  which 
furnishes  water  to  3,000  acres  of  land,  was  about  $20,000. 

When  the  consolidation  of  interests  by  those  desiring  to  use  water 
near  Belleville  was  effected,  it  was  determined  to  establish  water  rights 
that  should  become  appurtenant  to  specified  tracts  of  land.  This  plan 
could  not  be  adhered  to,  however,  owing  to  insufficiency  of  the  water 
snpply  from  the  creek,  which  made  it  impossible  to  deliver  water  to 
many  of  the  tracts  westward  from  Belleville  for  which  water  was 
wanted.  It  was  found  necessary  to  confine  the  delivery  of  water  to 
consumers  near  and  above  (east  of)  Belleville,  and  these  have  become 
the  stockholders  in  the  company  which  owns  and  manages  the  ditch. 

During  the  irrigating  season  (generally  November  to  the  end  of  June) 
a  ditch  superintendent  is  in  charge  of  water  distribution.  Water  is 
delivered  to  the  several  branches  in  proportion  to  the  number  of  shares 
of  stock  for  which  each  is  to  receive  water.  As  soon  as  the  water 
becomes  insufficient  to  meet  the  demands  of  irrigators  the  ordinary 
system  of  using  it  in  rotation  is  adopted.  Eight  hours  is  usually  fixed 
as  the  time  of  a  run  per  share.  Ko  water  is  sold,  and  all  expenses  are 
assessed  xipon  the  stockholders.  Management  and  repairs  cost  about 
$1,000  per  annum.  About  one-third  of  the  area  irrigated  is  alfalfa; 
the  rest  is  orchard,  vineyard,  summer  crops,  and  some  grain.  Irriga- 
tion is  accomplished  by  flooding  in  small  rectangular  checks.  The 
prepuration  of  the  ground  to  receive  water  was  inexpensive,  its  original 
surface  having  been  very  smooth.  The  soil  is  a  sandy  loam.  At  about 
3  feet  below  the  surface  is  a  stratum  sufficiently  hard  to  be  called  hard- 
pan.  As  usual  in  irrigated  districts  on  the  plains,  irrigation  has  pro- 
duced a  permanent  effect  upon  the  elevation  of  ground  water.  This 
was  originally  found  at  a  depth  of  17  feet  below  the  surface j  it  is  now 
at  9  to  12  feet. 
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TUIiE  BIVEB. 
HYDROGRAPHY. 

Tule  Biver  eaters  San  Joaquin  Valley  at  Porterville,  with  a  drainage 
ai'ea  above  that  point  of  437  square  miles.  The  river  has  a  perennial 
ilow  throughout  its  mountain  and  foothill  portions,  but  not  at  points 
below  Porterville,  near- where  the  last  remnant  of  its  water  during 
very  low  stages  sinks  into  its  sandy  bed.  During  the  months  of  May 
and  June  the  flow  of  the  river^  as  estimated  for  the  six  yeais,  1878  to 
1884,  was  over  1,000  second-feet.  Its  mean  flow  for  that  entire  period 
was  about  450  second- feet.  From  November  to  January  the  mean  flow 
was  130  second-feet.  It  was  636  second-feet  from  February  to  April, 
941  second- feet  from  May  to  July,  and  139  second-ieet  from  August  to 
October.^ 

Below  Porterville  this  water  flows  in  several  channels,  one  of  which, 
Porter  Slough,  has  its  head  on  the  north  side  of  Tule  Biver,  about  3 
miles  above  Porterville.  The  water  not  in  this  slough  remains  in  the 
main  channel  for  about  10  miles,  then  separates  into  a  network  of 
channels  having  a  general  westerly  course,  and  is  finally  delivered 
into  Tulare  Lake.  The  main  stream  crosses  the  Southern  Pacific  Bail- 
road  about  2^  miles  north  of  Tipton.  Water  rarely  flows  in  this  part 
of  the  river  more  than  four  months  of  the  year. 

The  Tule  Biver  channels  are  barely  of  suflicient  capacity  to  pass 
ordinary  freshets.  This  is  particularly  noticeable  westward  from 
Woodville  on  all  the  many  channels  into  which  the  river  is  subdivided. 
The  resulting  bank-land  inundations  are  of  considerable  extent  and  are 
an  important  supplement  to  artificial  irrigation.  The  ready  overbauk 
escape  of  the  freshet  waters  of  the  river  and  the  very  smooth  surface 
of  the  delta  lauds  greatly  facilitate  the  diversion  of  water  into  ditches 
and  canals,  which  have  become  very  numerous.  Many  of  these  are, 
however,  mere  cuts  into  the  bank,  into  which  water  flows  when  the 
river  is  high  and  which  become  dry  soon  after  the  river  recedes  from 
its  highest  stage. 

Wliere  there  are  so  many  small,  relatively  unimportant  diversions  as 
from  the  several  channels  of  Tule  Biver,  a  minute  description  of  eacii 
work  will  not  be  attempted,  and  in  many  cases  a  mere  mention  of 
name,  general  position,  and  time  of  fi'st  use  must  suffice. 

CANALS  AND  DITCHES. 

iSouih  Tule  Biver  Ditch. — This  (sometimes  called  Campbell  Ditch)  is 
the  uppermost  ditch  on  the  south  side  of  Tule  Biver,  though  by  no 
means  the  first  in  time  of  construction.  The  diversion  of  water  from 
the  river  is  made  at  the  head  of  an  older  ditch,  known  as  the  Wilcox, 
at  a  point  about  8  miles  above  Porterville.    The  ditch  skirts  the  base 
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of  tfae  hills,  commanding  a  narrow  strip  of  valley  land  which  lies 
between  the  hills  and  the  river.  It  is  about  6  feet  wide  on  the  bottom, 
and  has  irrigated  but  a  few  acres.  Its  construction  was  commenced  in 
1879, 

Wilcox  Ditch, — ^The  diversion  of  water  into  the  Wilcox  and  South 
Tale  Eiver  ditches  is  accomplished  by  means  of  an  inexpensive  wing 
dam  of  cobbles  and  brushwork.  One  channel  in  common  is  utilized 
for  the  water  of  both  ditches  for  about  a  quainter  of  a  mile.  The  Wil- 
cox Ditch  lies  between  the  South  Tule  Eiver  Ditch  and  the  river.  It 
was  constructed  about  1855  for  the  irrigation  of  a  small  tract  of  land  2 
miles  below  its  head.    The  ditch  is  about  3  feet  wide  on  the  bottom. 

Flano  Ditch. — ^For  the  irrigation  of  lauds  in  the  vicinity  of  Piano,  a 
small  settlement  on  the  south  side  of  Tule  Eiver,  directly  opposite 
Forterville,  a  small  ditch  was  constructed  in  1863.  It  takes  water 
fiom  the  south  side  of  the  river,  about  3  miles  in  a  direct  line  from 
Piano.  It  gradually  withdraws  from  the  river,  crossing  the  river  bot- 
toms to  the  base  of  the  hills,  and  skirts  the  base  of  ^^  Sugarloaf"  just 
to  the  east  of  Piano.  Thence  its  course  is  southwesterly  through 
Piano  to  a  termination  about  1  mile  west  of  the  village.  The  dimen- 
sions of  the  ditch  are  irregular;  its  capacity  is  about  16  second-feet. 
It  supplies  water  to  about  400  acres  of  orchard,  alfalfa,  and  vegetables. 

Vandulia  Ditch. — This  is  another  small  ditch  ou  the  south  side  of  Tule 
Eiver.  It  takes  water  from  the  river  a  mile  above  Piano,  has  a  capacity 
of  about  3  second-feet,  and  irrigates  about  100  acres.  It  was  con- 
structed in  1861. 

Rose  Ditch. — ^This  is  another  of  the  small  private  ditches  near  Piano. 
Its  head  is  several  hundred  yards  below  the  head  of  the  Vandulia 
Ditch.  It  was  constructed  in  1862.  The  land  it  irrigates  was  before 
that  time  supplied  with  water  from  a  ditch  known  as  the  Somers  Ditch, 
but  the  freshets  of  1861-62  cut  the  irrigated  district  in  two  by  the  for- 
mation of  a  new  channel  for  the  river,  and  the  Eose  Ditch  was  built  to 
supply  water  to  a  few  acres  of  the  original  irrigated  district  left  on  the 
south  side^    It  irrigates  10  to  20  acres. 

Mitchellj  Springer  &  Ro%e  i>i^^.— The  head  of  this  ditch  was  a  short 
distance  above  the  bridge  on  the  road  southward  from  Porterville.  It 
was  less  than  a  mile  long  and  about  4  feet  wide  on  the  bottom.  The 
point  at  which  water  was  taken  from  the  river  was  frequently  changed, 
and  various  tracts  of  land  were  irrigated  with  its  water.  It  was  one  of 
the  old-time  ditches  which  now  seems  to  have  fallen  into  disuse.  The 
extent  of  irrigation  from  it  a  few  years  ago  was  less  than  20  acres. 

8»uth  Side  Tule  Biver  Canal— This  canal,  which  was  for  many  years 
referi-ed  to  as  the  "Big  Ditch,"  and  is  also  known  as  the  "Poplar 
Canal,''  was  constructed  in  1875  by  an  organization  of  farmers  whose 
lands  were  located  on  the  main  San  Joaquin  Valley  plain,  south  of 
Tule  Eiver.  The  head  of  the  canal  is  just  above  the  bridge  southward 
from  Porterville.    The  canal  regulator  has  been  placed  about  a  quarter 
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mile  below  the  bridge.  The  ditch  has  a  bed  width  of  20  feet,  aad  is 
inteuded  to  carry  water  2  to  3  feet  deep.  The  course  of  the  canal  is 
westerly.  It  is  about  11  miles  long.  In  seasons  of  ordinary  rainfall 
there  is  no  trouble  in  keeping  the  canal  well  supplied  with  water  daring 
the  spring  months.  At  other  times,  and  often  when  water  is  most 
needed,  the  supply  is  scant.  The  flow  of  the  main  canal  is  usually 
apportioned  to  one  or  more  of  the  distributaries,  or  district  ditches, 
as  they  are  called,  and  the  entire  flow  of  each  of  these  is  used  in  turn 
by  the  irrigators.  The  length  of  time  that  an  irrigator  may  use  the 
water  is  determined  by  the  number  of  shares  of  stock  held  by  him. 

The  use  of  the  canal  has  been  interfered  with  considerably  by  litiga- 
tion. Riparian  land«owners  have  been  successful  in  throwing  legal 
obstacles  into  the  way  of  water  diversion  for  this  canal,  and  court 
decisions  against  canal  interests  have  been  enforced  to  some  extent. 
The  area  irrigated  has,  therefore,  remained  small — probably  less  than 
1,000  acres.  The  cost  of  the  canal  was  about  $20,000,  but  under  good 
management  would  have  been  less.    Check  weirs  were  placed  in  the 
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canal  every  half  mile,  but  did  not  serve  long.  They  were  soon  washed 
out  of  place.  Their  purpose  was  to  prevent  excessive  erosion  (the  fall  in 
the  direction  of  the  canal  being  about  15  feet  per  mile)  and  to  facilitate 
diversion  into  branch  ditches.  After  the  first  set  of  these  structures 
was  gone  the  expense  of  placing  a  weir  in  the  main  canal  at  the  head 
of  a  distributary  was  thrown  upon  the  owners  of  the  latter,  but  the 
canal  management  reserved  the  right  to  approve  the  design  and  to 
supervise  its  construction.  The  original  check  weirs  were  of  the  flash- 
board  type.  The  bays  had  a  width  of  4  feet.  The  timbers  supporting 
the  flashboards  were  inclined.  The  principal  defect  seems  to  have  been 
the  placing  of  the  floor  of  the  structure  at,  and  not  below,  the  grade 
height  of  canal  bottom. 

FiTie  Ditch. — The  head  of  the  Fine  Ditch  is  about  3  miles  below  the 
head  of  the  South  Side  Ganal.  It  commands  a  district  Intermediate 
between  Tule  Kiver  and  the  lands  irrigated  with  water  from  the  South 
Side  Ganal.  The  ditch  was  built  and  is  owned  in  common  by  a  number 
of  farmers,  who  apportion  its  water  among  themselves.  It  is  about  7 
miles  long. 
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Callison  Slough. — Gallison  Slough  (Woods  Central  Ditch)  is  a  high- 
water  escapeway  from  the  south  side  of  Tule  River,  about  6  miles  due 
west  from  Porterville.  It  was  probably  one  of  the  many  new  channels 
formed  by  the  freshets  of  1861-62.  Water  enters  the  head  of  this 
slough  under  control  of  a  regulator  at  the  high  stages  of  the  river,  and 
at  lower  stages  the  flow  is  increased  by  means  of  a  temporary  wing 
dam  of  sand,  which  is  extended  farther  and  farther  upstream  as  the 
river  falls.  The  flow  of  the  slough  has  been  under  control  for  irriga- 
tion since  1878,  in  which  year  a  company  was  organized  for  this  pur- 
pose, under  the  name  of  the  Woods  Central  Irrigating  Ditch  Company. 
The  head  gate  was  made  18  feet  wide.  About  $1,560  was  expended 
in  converting  the  slough  into  a  serviceable  ditch.  Several  small  dis- 
tributing ditches  have  been  constructed  from  the  slough  to  the  lands 
of  irrigators,  and  about  1,000  acres  represent  the  extent  of  annual 
actual  wetting. 

When  the  Tipton  irrigation  district  was  organized,  in  1891,  arrange- 
ments were  made  by  its  directors  for  the  use  of  Callison  Slough  in  com- 
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mon  with  the  Woods  Central  Irrigating  Ditch  Company.  A.  new  regtl- 
lator  was  soon  afterwards  put  into  the  head  of  the  slough.  It  was 
made  30  feet  wide,  it  being  understood  that  10  feet  of  its  width  was  to 
serve  the  original  users  of  slough  water,  and  the  other  20  feet  the  irri- 
gation district.    The  district  canal  is  out  of  service  at  the  present  time. 

OlA  English  Ditch. — The  head  of  this  ditch  is  immediately  below  the 
head  of  Callison  Slough,  and  its  water  is  used  on  several  small  farms 
between  Callison  Slough  and  the  river.  The  ditch  was  constructed 
about  1869.  It  is  about  8  feet  wide  on  the  bottom,  2  miles  long,  and 
annually  irrigates  between  100  and  200  acres.  Whenever  it  is  desirable 
to  use  water  after  the  high  stage  of  the  river,  a  long  temporary  wing 
dam  of  sand  is  constructed  at  its  head,  just  below,  and  almost  parallel 
with,  that  at  the  head  of  Callison  Slough. 

Stockton  Ditch. — ^This  ditch  takes  its  name  from  a  small  private  ditch 

which  was  in  use  for  a  few  years  preceding  1871.    It  was  built  in  1874 

by  a  company  composed  of  eight  farmers  who  desired  a  common  source 

of  supply.     It  leaves  the  south  side  of  Tule  Kiver  about  midway 
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between  Porterville  and  Woodville,  and  has  a  westerly  coarse  to  the 
vicinity  of  the  latter  settlement.  The  ditch  is  about  6  miles  long,  and 
is  15  feet  wide  at  its  head.  Water  is  ordinarily  available  for  it  from 
February  to  June.  No  restriction  is  placed  upon  the  locality  where 
each  stockholder  may  use  his  water.  The  water  is  delivered  in  turn  to 
each  person  entitled  to  its  use,  the  time  of  a  ^^run"  per  share  of  stock 
being  fixed  annually  by  the  directors,  usually  at  forty-eight  or  twenty- 
four  hours  per  share.  The  lands  irrigated  by  this  ditch  have  in  part 
been  included  in  the  Tule  Eiver  irrigation  district,  and  are  to  become 
dependent  upon  its  works  for  their  water  supply. 

BaU  dt  Harris  Ditch. — About  one-half  mile  below  the  head  of  Stock- 
ton Ditch  a  small  ditch,  irrigating  several  hundred  acres  of  land,  leaves 
the  river.  It  is  known  as  the  Ball  &  Harris  Ditch  (or  the  Markham, 
or  Pierce  &  Markham,  or  Pierce,  Markham  &  Booth  Ditch).  It  was 
built  about  1871,  and  is  reported  to  have  been  in  continuous  use  after 
1874.  The  ditch  is  only  3  to  5  feet  wide  on  the  bottom.  Its  regulator 
has  a  width  of  6  feet.  This  is  one  of  the  ditches  whose  rights  have 
been  merged  with  those  of  the  Tule  River  Irrigation  Ditch  Company. 

Empire  Ditch. — The  head  of  this  ditch  (also  called  Pheil  &  Otto, 
Stover,  or  Lower  Pioneer  Ditch)  is  on  the  south  side  of  Tule  River,  3 
miles  east  of  Woodville,  at  a  point  known  as  the  Forks  of  Tule  River. 
Its  course  is  westerly;  it  is  3  miles  long  and  irrigates  several  hundred 
acres  of  land  in  the  immediate  vicinity  of  Woodville.  Its  width  is  2  to 
3  feet  on  the  bottom,  and  its  estimated  capacity  is  about  5  seoond-feet. 
The  lauds  served  by  this  ditch  are  in  part  in  the  Tule  River  irrigation 
district. 

Woodville  Ditch. — This  ditch  has  its  intake  on  the  south  side  of  the 
river  about  IJ  miles  northeast  of  Woodville.  Its  course  is  westerly; 
its  length  is  about  7  miles,  and  its  width  in  the  upper  sections  about  10 
feet  on  the  bottom.  The  regulator  has  a  width  of  12  feet.  The  ditch 
was  constructed  in  the  years  1883  to  1885.  It  is  one  of  the  few  ditches 
constracted  and  managed  on  the' principle  of  proportional  assessment 
of  stockholders  to  meet  those  expenses  only  which  are  incurred  on  the 
ditch  above  the  point  where  water  is  delivered  to  each  irrigator.  This 
is  another  of  the  small  ditches  whose  rights  have  been  merged  with  the 
Tule  River  Irrigation  Ditch  Company. 

Tipton  Ditch. — This  ditch  (also  called  Mitchell  Ditch)  was  con- 
structed for  the  irrigation  of  lands  near  Tipton.  Its  builders  agreed 
to  contribute  to  the  cost  of  constructiou  and  maintenance  of  so  much  of 
the  main  ditch  as  was  above  the  upper  limits  of  their  lands  in  propor- 
tion to  their  respective  interests  in  the  canal  water.  The  construction 
of  the  ditch  commenced  in  1881,  but  it  was  not  completed  for  several 
years.  The  head  of  this  ditch  is  on  the  south  side  of  Tule  River^  about 
3^  miles  northeast  of  Tipton.  The  ditch  has  a  southwesterly  course, 
is  6  to  7  miles  long,  about' 20  feet  wide  near  its  head,  and  is  planned  to 
deliver  a  relatively  large  amount  of  water  to  the  area  dependent  upon 


OBCK8KY.]  TULE   RIYEB   DITCHES.  83 

it  during  the  short  period  (aboat  Febraary  1  to  Jane  15)  when  water  is 
ordinarily  available. 

Janes  Ditch, — ^This  is  a  very  small  private  ditch,  the  head  of  which  is 
aboat  a  quarter  mile  below  the  head  of  Tipton  Ditch.  It  follows  the 
river  bank^  crossing  Lone  Oak  Sloagh  and  South  Tule  Eiver  to  a  small 
tract  of  land  irrigated  with  its  water. 

Lane  Oak  Slottgh. — This  is  a  small  high-water  channel  breaking  oat 
of  the  south  side  of  Tule  Biver  due  north  from  Tipton,  about  a  half 
mile  above  the  railroad  crossing.  It  has  a  southwesterly  course,  and 
supplies  water  to  several  independent  small  distributaries  known  as 
the  Hively,  the  Creech,  and  the  Eogers  Lower  ditches.  The  flow  of 
water  in  the  slough  is  controlled  by  a  regulator,  put  in  about  1891. 

Hively  Ditch. — This  is  a  small  private  ditch,  about  a  mile  long, 
receiving  water  from  Lone  Oak  Slough  just  to  the  west  of  the  railroad 
crossing. 

Creech  Ditch. — This  is  another  small  private  ditch,  about  a  mile  long, 
leading  from  the  south  side  of  Lone  Oak  Slough. 

Rogers  Lower  Ditch, — This  ditch  also  receives  water  from  Lone  Oak 
Slough.    It  is  a  mile  below  the  Creech  Ditch,  and  is  about  2  miles  long. 

The  combined  irrigation  from  Lone  Oak  Slough  ditches  probably 
does  not  exceed  200  acres. 

Fancher  Ditch. — ^Another  of  the  Tule  Biver  ditches,  owned  in  common 
by  four  or  five  irrigators,  is  the  Fancher  Ditch,  which  for  several  years 
prior  to  1884  is  reported  to  have  received  its  water  from  the  river  at 
the  point  where  Callison  Slough  unites  with  South  Tule  Biver.  A  weir 
was  constructed  in  the  river  channel  and  the  diversion  was  made  from 
the  slough  channel.  About  1884  it  was  found  necessary  to  extend  the 
ditch  upstream  about  half  a  mile  to  a  new  head,  where  for  some  time 
water  was  admitted  without  control.  The  ditch  has  «  southwesterly 
coarse,  is  about  2  miles  long  and  12  feet  wide,  and  usually  irrigates 
several  hundred  acres. 

Finney  Ditch. — On  the  north  side  of  South  Tule  Biver,  near  the  last- 
mentioned  diversion,  is  a  small  private  ditch,  known  as  the  Finney  or 
Berry  Ditch.  Its  head  is  a  quarter  of  a  mile  below  the  head  of  Fancher 
Ditch.  Water  is  there  diverted  into  a  small  natural  depression,  in 
which  it  flows  about  half  a  mile  to  x>oints  where  it  is  used  by  several 
irrigators.    This  ditch  came  into  use  in  1884. 

Swall  Ditch, — ^Another  small  private  ditch,  on  the  north  side  of  South 
Tale  Biver,  is  the  Swall  Ditch.  Its  use  dates  back  to  1875.  Its  head 
is  2^  miles  below  the  head  of  the  river  channel  called  South  Tule  Biver. 
It  is  about  2  miles  long,  and  has  a  westerly  course. 

Chilly  Ditch. — This  ditch  receives  water  from  the  south  side  of  the 
main  channel  of  Tule  Biver,  1^  miles  below  the  head  of  South  Tule 
Biver.  It  has  a  southwesterly  course,  is  about  2^  miles  long,  and,  in 
common  with  the  Swall  Ditch,  supplies  water  to  several  hundred  acres. 
It  was  constructed  in  1875. 
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Bwall  &  WessUng  Ditch. — ^This  is  a  small  ditch  on  the  south  side  of 
the  main  channel  of  Tale  Biver,  about  a  mile  long,  which  connects  this 
channel  with  a  small  natural  water  course.  Its  head  is  3^  miles  below 
the  head  of  South  Tule  Biver.    It  has  been  in  use  since  about  1884. 

Great  American  Ditch. — Before  the  Tule  Eiver  Indian  lieservation, 
above  Porterville,  was  thrown  open  to  settlement  the  construction  of  a 
small  hillside  ditch  for  the  irrigation  of  lands  intermediate  between  the 
north-side  hills  and  the  river  had  been  commenced.  This  ditch  had  its 
head  on  the  west  side  of  North  Fork  about  8  or  9  miles  above  Porter- 
ville,  and  was  intended  solely  for  the  use  of  the  Indians.  This  work 
was  subsequently  to  have  been  completed  by  a  corporation  which  seems 
to  have  been  organized  principally  for  speculative  purposes.  There  is 
but  little  left  of  the  enterprise  except  the  name. 

Pleasant  Valley  Ditch. — This  is  a  diversion  from  the  west  side  of 
North  Fork  of  Tule  River,  about  2J  miles  above  its  junction  with  Middle 
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Fork.  The  ditch  has  a  southerly  course  for  over  5  miles,  thence  a 
northwesterly  course  for  5  miles,  and  thence  a  southerly  course  for  over 
2  miles.  It  commands  Pleasant  Valley  lands.  Its  bed  width  is  about 
6  feet  for  several  miles,  thence  4  feet.  The  ditch  was  constructed  in 
1889  by  the  Pleasant  Valley  Ditch  Company,  organized  as  a  corporation 
the  previous  year  by  farmers  requiring  water  for  stock  and  irrigation 
purposes. 

Pioneer  Canal — This  canal,  controlled  by  the  Tule  Eiver  Pioneer  Water 
Ditch  Company,  is  the  most  important  of  the  several  irrigation  works 
receiving  water  from  Tule  Kiver.  It  was  constructed  and  first  came  into 
use  al)Out  1867.  Its  head  was  then  located  three-quarters  of  a  mile 
below  the  junction  of  North  and  South  forks  of  Tule  Biver.  The  freshets 
of  1877-78  destroyed  the  upper  section  of  the  canal  and  at  the  same  time 
cut  a  high-water  channel  near  the  base  of  the  hills  at  the  northern 
border  of  the  bottom  lands.    This  new  channel  was  at  once  utilized  for 
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the  canal  water.  A  regulator  was  pat  in  its  head  and  has  been  main- 
tained. The  canal  prox)er  terminates  at  the  flour  mill  at  Porterville,  to 
which  it  supplies  ]>ower.  Its  course  is  along  the  base  of  the  hills  on 
the  north  side,  and  generally  half  a  mile  to  2  miles  from  the  river.  The 
bottom  lands  thus  commanded  above  Porterville  are  very  productive. 
The  canal  has  a  length  of  about  7  to  8  miles.  Its  fall  is  somewhat 
irregular,  generally  6  to  7  feet  to  the  mile.  Its  bed  width  is  8  to  12 
feet,  and  the  depth  of  water  carried  2  to  3  feet.  Its  regulator  is  of  the 
box  or  culvert  type.  A  loose-rock  fill  on  top  of  the  structure  gives  it 
weight  to  prevent  its  being  undermined.  Three  vertically  sliding  gates 
control  the  inflow  of  water.  The  width  of  the  regulator  between  side 
walls  ,is  18  feet.  The  capacity  claimed  for  the  Pioneer  Canal  is  72 
second-f^et. 

Before  a  reorganization  of  the  canal  company  was  effected,  several 
years  ago,  the  canal  water  was  delivered  to  stockholders  in  proportion 
to  the  amount  of  stock  owned  by  each.  Stockholders  were  permitted 
to  take  their  water  at  any  convenient  poiut  through  a  suitable  outlet 
gate,  constructed  and  maintained  by  the  user  of  the  water  taken.  Ko 
water  was  sold  by  the  canal  company,  and  all  exi>enses  of  management 
and  repairs  were  assessed  to  the  stockholders.  The  result  of  this  sys- 
tem of  operation  was  the  union  of  interests  by  groups  of  irrigators, 
who  then  made  a  common  diversion  of  water  from  the  main  ditch  and 
built  distributing  ditches,  which  are  managed  much  the  same  as  inde- 
}>endent  ditches. 

The  most  notable  branch  of  this  character  was  the  Farmers  Ditch. 
It  received  water  from  the  Pioneer  Canal  at  the  mill,  and,  passing  to 
the  east  and  north  of  Porterville,  had  a  course  a  little  north  of  west, 
skirting  the  southern  border  of  Old  Tule  Biver  Swamp.  Its  length 
was  about  12  miles.  It  was  owned  by  an  organization  formed  in  1875, 
ownership  being  represented  in  12  shares.  Each  share  of  stock 
entitled  its  holder  to  a  proportional  interest  in  the  canal  down  to  a 
point  where  he  diverted  or  intended  to  divert  his  water  from  the  main 
canal.  The  company  did  not  sell  any  water.  Water  was  used  from 
the  canal  in  rotation,  the  duration  of  a  run  per  share  of  water  being 
mutually  agreed  upon. 

The  cost  of  construction  was  apportioned  to  each  member  in  propor- 
tion to  his  interest  in  the  canal.  Each  member  bore  a  proportional 
part  of  all  expenses  incurred  along  the  canal  above  the  point  at  which 
he  was  to  receive  his  water,  and  did  not  contribute  toward  the  con- 
struction of  the  canal  below  that  point.  Expenses  of  maintenance  and 
repairs  were  apportioned  on  the  same  basis  to  those  actually  using 
water.  As  the  canal  had  a  total  length  of  12  miles,  and  some  of  its  * 
water  was  used  within  3  or  4  miles  of  its  head,  these  expenses  were 
about  four  times  as  great  for  the  most  distant  irrigator  as  for  the  one 
nearest  the  head  of  the  canal. 

Farmers  Ditch  in  its  upper  sections  was  also  known  as  the  OlA  State 
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Ditch;  being  one^  or  on  the  line  of  one,  of  the  ditches  that  was  intended 
to  divert  the  flow  of  flood  waters  from  the  Old  Tule  River  swamp  lands, 
and  which  had  been  constructed  with  money  from  the  State  swamp-land 
fund.  This  ditch,  in  somewhat  altered  alignment,  together  with  the 
North  Branch  of  Pioneer  Oanal  (which  might  also  be  called  the  North 
Side  State  Ditch),  has  become  one  of  the  principal  distribntaries  of  the 
reorganized  Pioneer  Canal  Company. 

Water  is  still  delivered  to  stockholders  in  proportion  to  stock  owned, 
but  without  actual  measurement.  A  change  is  to  be  made  at  once, 
according  to  which  water  is  to  be  sold  to  stockholders  on  the  basis  of  1 
miner's  inch  per  share  of  stock.  The  canal  capacity,  50  second-feet,  is 
equivalent  to  3,600  miner's  inches  under  4-inch  pressure,  and  there  are 
3,600  shares  of  stock  in  the  corporation.  The  price  to  be  charged  for 
water  is  to  be  flxed  at  5  cents  per  24-hour  miner's  inch. 

The  area  of  citrus  fruits  dependent  upon  this  canal  for  water  has 
within  the  last  few  years  rapidly  grown  to  1,000  acres.  About  900  acres 
of  other  orchards  are  also  irrigated  by  this  canal.  The  orchard  lands 
for  the  most  part  lie  to  the  north  and  east  of  Porterville. 

The  wetting  of  orchard  land  is  generally  accomplished  by  allowing 
small  streams  of  water  to  flow  in  a  number  of  furrows  between  rows  of 
trees,  usually  four,  and  to  harrow  the  surface  as  soon  after  the  appli- 
cation of  water  as  possible. 

On  the  lower  section  of  the  Farmers  branch  of  the  canal  alfalfa  and 
grain  are  irrigated  in  rectangular  checks.  Land  there  is  smooth  sur- 
faced and  comparatively  level,  consequently  the  cost  of  preparation  for 
irrigation  is  small.  It  is  said  to  have  been  as  low  as  50  cents  per  acre 
for  ditching  and  checking. 

The  value  of  water  stock  at  the  present  time  is  said  to  range  from 
$200  to  $300  for  stock  entitling  to  water  above  the  Porterville  Mill,  and 
$50  to  $100  for  stock  entitling  to  water  below  the  mill.  This  difference 
in  price  is  due  to  the  fact  that  most  of  the  flow  of  the  canal  must  be 
delivered  at  the  mill  for  power  purposes,  and  that  water  for  diversion 
from  the  canal  by  irrigators  above  the  mill  is  therefore  limited; 

Traylor  Ditch. — ^This  is  a  small  private  ditch  having  its  head  on  the 
north  side  of  Tule  Biver  half  a  mile  below  the  head  of  the  Pioneer 
Canal.  It  has  a  course  about  midway  between  the  larger  ditch  and 
the  river,  is  about  2  miles  long,  and  irrigates  a  few  acres  of  river  bottom 
land. 

Porter  Slough, — Porter  Slough  breaks  through  the  north  bank  of 
Tule  Eiver  about  4  miles  above  Porterville.  It  was  made  the  prin- 
cipal channel  of  Tule  River  by  the  freshets  of  1861-62,  but  within  a 
few  years  contentions  arose  as  to  the  apportionment  of  water  to  this 
channel  and  to  that  which  afterwards  became  the  main  channel  of  the 
river.  Obstructions  placed  in  the  head  of  Porter  Slough  were  repeat- 
edly removed  by  settlers  along  tlie  slough.  It  is  claimed  that  such 
obstructions,  in  part  at  least,  caused  the  rapid  enlargement  of  the  other 
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channel  of  the  river  by  the  freshets  of  1867-68,  and  that  ever  since  that 
time  some  work  at  the  head  of  Porter  Slough  is  annually  necessary  to 
put  water  into  it  at  ordinary  stages  of  the  river. 

Since  the  construction  of  the  works  for  the  irrigation  of  lands  in  the 
Tnle  Biver  irrigation  district,  water  is  turned  into  the  head  of  Porter 
Slough  through  an  artificial  channel  or  cut  700  feet  long,  in  the  head  of 
which  a  regulator  is  maintained.  This  regulator  lias  a  total  width  of 
3G  feet,  divided  into  nine  spaces,  of  which  seven  are  separated  from 
the  other  two  by  a  longitudinal  partition.  The  water  passing  through 
the  larger  portion  of  the  gate  is  for  the  irrigation  district,  the  rest  is 
for  the  Hubbs  &  Miner  Ditch,  which  formerly  received  its  water 
through  an  independent  head  some  miles  below  Porterville.  The 
actual  flooding  of  lands  with  water  from  the  slough  before  its  use  by 
the  Tule  Eiver  irrigation  district  was  not  very  extensive,  but  the 
presence  of  water  in  the  channel  accomplished  much  wetting  of 
adjacent  agricultural  land. 

Hockett  Ditch, — This  is  one  of  the  small  ditches  which  was  con- 
structed immediately  after  the  freshets  of  1861-62  to  replace  Somers 
Ditch,  which  was  destroyed  by  the  high  waters.  Its  head  is  on  the 
north  side  of  Tule  Eiver,  about  1^  miles  below  the  head  of  Porter 
Slough.  It  supplies  water  for  several  hundred  acres  of  laud  between 
Porter  Slough  and  the  main  channel  of  the  river  southward  from  Por- 
terville. The  Somers  Ditch,  whose  water  rights  are  claimed  for  the 
Hockett  Ditch,  is  reported  to  have  been  constructed  in  1858,  and  it  is 
probable  that  some  of  its  original  owners  had  attempted  to  make 
diversions  of  water  as  early  as  1854. 

Wallace  Ditch. — The  head  of  the  Wallace  Ditch  is  immediately  below 
that  of  the  Yandalia  Ditch.  Although  the  diversion  of  water  for  this 
ditch  is  made  on  the  south  side  of  the  river,  it  is  at  once  carried  over 
to  the  north  side  in  a  small  flume,  and  its  use  is  entirely  on  the  north 
side.  It  is  a  small  private  ditch,  occupying  a  position  between  the 
Hockett  Ditch  and  the  river  and  supplying  water  to  a  few  acres  in 
the  same  vicinity  as  Hockett  Ditch. 

McGee^  Putnam  &  Caldtoell  Ditch. — ^This  is  another  small  north-side 
ditch,  having  its  head  about  1^  miles  below  the  bridge  south  of  Porter- 
ville. It  commands  lands  between  the  river  and  Porter  Slough  just 
west  of  those  covered  by  Hockett  and  Wallace  ditches.  It  is  said  that 
the  use  of  water  through  this*ditch  commenced  about  1863. 

Oilli4im  Ditch. — ^This  ditch  leaves  the  river  about  a  quarter  mile  below 
the  McGee,  Putnam  &  Caldwell  Ditch.  It  is  a  small  private  ditch 
which  IS  also  known  as  the  Gillis  Ditch,  or  the  Gilliam  &  McGee  Ditch. 
It  was  probably  constructed  in  1862  and  commands  a  portion  of  the 
district  originally  irrigated  by  the  Somers  Ditch. 

Hubhs  &  Miner  Ditch, — This  is  a  porth-side  ditch  supplying  water  to 
eight  or  ten  farmers,  whose  interests  in  the  ditch  are  represented  by 
shares  of  stock.    The  head  of  the  ditch  was  about  2  miles  below  the 
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Porterville  road  bridge  until,  in  1893,  a  combination  with  the  Tule  Eiver 
irrigation  district  was  effected,  according  to  which'  a  common  head  or 
new  inlet  from  the  river  to  Porter  Slongh  was  constructed.  Of  the 
water  diverted  from  the  river,  the  surplus  not  required  by  the  irrigation 
district  goes  to  the  lands  dependent  upon  the  Hubb.s  &  Miner  Ditch 
for  water. 

Fulweiler  and  Hunsaker  ditches, — The  next  north  side  ditch  has  its 
head  about  6  miles  below  Porterville.  It  is  known  as  the  Fulweiler 
Ditch.  Its  construction  was  commenced  by  an  organized  association 
of  farmers,  but  work  was  soon  abandoned.  One  of  the  owners  sub- 
sequently commenced  operations  again,  and  was  joined  in  1884  by 
several  other  farmers.  The  ditch  was  about  1^  miles  in  length,  having 
a  northwesterly  course  to  a  point  where  a  junction  was  effected  with 
another  small  ditch,  known  as  the  Hunsaker  Ditch,  whose  head  is  half 
a  mile  below  the  head  of  Fulweiler  Ditch.  The  Hunsaker  Ditch  had 
a  length  of  about  2  miles.  Its  central  section  was  used  in  common  by 
the  two  ditches — an  arrangement  effected  to  overcome  right  of  way 
difficulties  which  were  encountered  by  the  owners  of  the  Fulweiler 
Ditch.  The  Hunsaker  Ditch  was  constructed  in  1871.  About  400  acres 
were  irrigated  from  the  two  ditches.  All  of  the  lands  served  by  the 
Hunsaker  Ditch  and  part  of  those  served  by  the  Fulweiler  Ditch  are 
now  in  the  Tule  Eiver  irrigation  district  and  are  dependent  upon  its 
canals  for  water. 

Pletts  Ditch. — This  is  a  small  ditch  receiving  water  only  during  high 
stages  of  the  river.  It  has  been  in  use  since  1872,  but  has  ordinarily 
irrigated  only  about  10  acres  of  alfalfa  and  orchard  land.  Its  head  is 
just  below  the  country  road  leading  northward  from  Porterville. 

Thomas  Ditch, — Less  than  a  quarter  of  a  mile  below  the  head  of  the 
Pletts  Ditch,  also  on  the  north  side  of  Tule  Bi ver,  is  the  Thomas  Ditch. 
It  is  also  called  the  Walker  Ditch.  It  was  constructed  about  1871  or 
1872.  Like  other  high-water  diversions  from  Tule  Biver,  it  has  had  no 
regulator  at  its  head.  The  extent  of  actual  flooding  with  its  water  has 
been  about  25  acres.  The  lands  it  watered  are  now  served  by  the  Tale 
Biver  irrigation  district  canals. 

Elrod  Ditch — ^This  is  one  of  the  same  class  of  small  ditches  just 
enumerated.  It  is  a  reconstruction  of  an  older  ditch  which  was  known 
as  the  Lewis  &  Walker,  about  2  miles  below  the  Thomas  Ditch.  The 
original  ditch  came  into  use  in  1871.  Th'e  lands  irrigated  by  it  are  now 
a  part  of  the  Tule  Biver  irrigation  district. 

Ray  &  Broicn  Ditch, — This  was  an  insignificant  ditch  on  the  north 
side  of  the  river  about  5  miles  east  of  Bayou,  which  affords  water  for 
the  flooding  of  a  few  acres  at  flood  stages  of  the  river.  Like  the  other 
small  ditches  named,  it  has  been  absorbed  by  the  Tule  Biver  irrigation 
district. 

M.  M,  Burnett  Ditch. — This  is  a  small  high-water  ditch  from  the  north 
side  of  Tule  Biver,  a  mile  southeast  of  Tagus.    It  is  about  a  mile  long. 
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has  a  bed  widtb  of  5  feet,  and  cost  abont  $100.    It  was  oonstrncted  in 
1886. 

Bond  Ditch. — ^This  is  a  small  ditch  which  carries  water  southwesterly 
three-fourths  of  a  mile  from  a  point  on  the  north  channel  of  Tule  River 
at  the  head  of  Schoolhonse  Branch.  It  unites  with  Rogers  Ditch  for 
the  irrigation  of  the  same  lands.    This  ditch  was  constructed  in  1871. 

Rogers  Upper  Ditch, — This  is  a  diversion  from  the  north  side  of  the 
Stadtrauller  Branch  of  Tule  River,  made  in  1880.  It  has  a  northwest- 
erly course  for  nearly  a  mile,  to  its  junction  with  the  Bond  Pitch.  The 
two  ditches  belong  to  the  same  owners. 

Rogers  Middle  Ditch. — This  is  a  ditch  from  the  lower  end  of  the 
Schoolhouse  Branch  of  North  Tule  River.  It  is  a  short  ditch  6  feet 
wide,  having  a  southerly  course,  and  drops  its  water  into  a  natural 
channel,  whence  it  is  again  taken  for  the  irrigation  of  several  small 
tracts.    It  was  constructed  in  1880. 

Klein  Ditch. — This  dit^^h  was  practically  duplicated  by  the  Rogers 
Middle  Ditch.  The  diversion  was  made  from  the  same  point,  but  in  a 
ditch  located  a  few  feet  farther  east,  and  the  same  natural  channel  was 
used  to  convey  water  about  a  mile  to  its  place  of  use.  The  mention  of 
the  ditch  is  merely  historical;  it  went  out  of  use  about  1880. 

Lamarsna  Ditch. — This  is  another  of  the  very  small  high- water  ditches 
which  abound  in  the  Tule  River  country.  It  was  constructed  in  1878 
or  1879,  to  supply  water  to  several  farms  lying  between  the  main  chan- 
nels of  Tule  River  about  3  miles  southeastward  from  Bayou.  It  has 
been  in  actual  use  very  little,  and  but  a  few  acres  of  alfalfa  have  been 
dependent  upon  it  for  water. 

Bctdgalupi  Ditch. — Southward  from  Bayou,  on  the  north  side  of  the 
main  channel  of  Tule  River,  is  another  high- water  ditch,  which  has 
been  in  use  more  or  less  since  about  1882.  It  is  a  short  private  ditch 
which  supplies  water  for  use  on  several  hundred  acres  of  land. 

Bdcigalupi  &  Creighton  Canal. — This  canal  was  constructed,  in  part 
at  least,  in  1877.  It  is  really  a  diversion  from  Elk  Bayou,  the  southern- 
most delta  channel  of  Kaweah  River,  but  as  Lower  Elk  Bayou  may  also 
be  considered  a  Tule  River  channel,  receiving  water  from  Porter  Slough 
and  being  the  main  channel  of  Old  Tule  River,  it  will  not  be  out  of  place 
to  enumerate  this  canal  among  the  Tule  River  ditches,  particularly  as 
the  flow  of  Main  Tule  River  into  the  lower  end  of  Elk  Bayou  is  chiefly 
relied  upon  as  a  source  of  supply  for  this  ditch.  The  head  of  the  ditch 
is  on  the  north  side  of  the  bayou,  about  a  quarter  of  a  mile  above  its 
junction  with  the  main  channel  of  Tule  River.  The  canal  lias  a  north- 
westerly course  for  about  4  miles,  thence  a  southwesterly  course  for  a 
like  distance  to  near  the  eastern  margin  of  Tulare  Lake.  It  was  built 
primarily  for  the  reclamation  of  land  entered  as  a  desert  claim.  The 
regulator  built  in  the  head  of  the  canal  was  soon  washed  out  of  place 
and  the  upper  end  of  the  original  canal  was  considerably  enlarged  by 
erosion.    The  upper  part  of  the  canal  was  originally  about  8  feet  wide 
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on  tbe  bottom,  but  a  width  of  12  feet  on  the  bottom,  with  a  water  depth 
of  2  to  3  feet,  is  claimed  for  most  of  its  coarse.  So  far  as  can  be  learned, 
there  has  been  bat  little  systematic  irrigation  in  the  territory  o<mi- 
manded  by  this  canal. 

Tulxire  Lake  Canal. — This  canal,  which  was  bailt  in  1890,  takes  water 
from  Tale  Biyer  at  a  point  10  miles  dne  west  from  Tipton.  It  has  a 
bed  width  of  40  to  50  feet  and  a  depth  reported  at  4  to  5  feet  It  lies 
within  the  extreme  high-water  limit  of  Tulare  Lake.  Its  coarse  is  dae 
soatb  and  its  length  is  3  miles.  It  commands  the  lands  westward  to 
the  present  lake  margin.  Water  is  expected  to  be  available  in  this 
canal  from  about  February  to  July.  It  is  reported  to  have  supplied 
water  this  season  to  7,000  acres  of  grain  land.  At  the  head  of  the 
canal  structures  of  the  ordinary  open  flashboard  type  are  in  use  for  the 
diversion  and  control  of  the  water.  The  cost  of  the  canal  head  works 
is  said  to  have  been  $3,000,  and  the  cost  of  the  main  canal  and  10  to  15 
miles  of  branch  ditches,  including  the  head  works,  was  about  $10,000. 

TULE  RIVER  IRRIGATION  DISTRICT. 

In  no  portion  of  the  State  has  the  necessity  for  harmonizing  conflict- 
ing claims  to  water  and  adequate  control  of  its  diversion  and  use  been 
greater  than  on  Kaweah  and  Tule  rivers,  and  it  is  on  these  rivers  that 
the  successful  operation  of  the  irrigation-district  system  was  to  be 
anticipated.  It  seemed  as  though  all  irrigators  could  only  gain,  and 
none  lose,  by  bringing  tbe  many  small  independent  ditches  under  one 
management,  as  authorized  by  the  district  law.  And,  in  fact,  no  diffi- 
culty was  encountered  in  forming  on  Tule  Biver  two  irrigation  districts, 
both  of  which  have  constructed  canal  systems,  but  in  both  of  which 
there  is  now  much  dissatisfaction  with  the  operation  of  the  law  and 
with  the  results  thus  far  achieved.  Of  course  the  disappointments  and 
failures  are,  in  part  at  least,  due  to  the  general  depression  of  the  farm- 
ing industry;  but  with  an  increasing  tax  rate  as  a  burden  upon  those 
who  meet  their  district  obligations,  and  with  probable  confiscations  of 
the  property  of  those  who  continue  delinquent,  the  problem  of  district 
management  becomes  difficult  of  solution. 

The  Tule  Biver  irrigation  district  was  organized  in  September,  1891. 
A  bond  issue  of  $90,000  was  soon  followed  by  a  second  of  $10,000.  The 
district  has  an  area  of  about  22,000  acres — practically  all  the  lands 
within  or  immediately  adjacent  to  the  delta  of  Tule  Biver.  The  district 
has  a  greatest  length  in  the  direction  of  the  river  of  13  miles,  its  east- 
ern limit  being  about  6  miles  west  of  Porterville,  and  a  breadth  of  about 
4  miles.    Some  of  the  land  within  exterior  boundaries  has  been  excluded. 

The  entire  bond  issue  has  been  expended  in  completing  the  canal 
system.  The  bonds  could  not  be  sold  readily  and  were  finally,  through 
the  hands  of  a  nominal  ])urchaser,  turned  over  to  the  contractors,  who 
carried  on  oporations  by  hypothecating  them.  The  canal  system  con- 
sists of  a  main  water  way  to  and  into  tlie  district — Porter  Slough — and 
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two  principal  laterals,  one  on  each  Ride  of  Tale  Biver.  At  the  head  of 
Porter  Slongh  a  cat  700  feet  long  has  been  made  ft*oin  the  river  into 
the  slough.  In  this  cat  a  regulating  gate  36  feet  wide  has  been  placed, 
which  is  intended  to  serve  the  irrigation-district  canal  as  well  as  the 
Hobbs  &  Miner  Ditch.  Of  its  9  bays  or  openings,  7  are  for  the  district 
and  2  for  the  other  ditch.  After  flowing  in  Porter  Sloagh  for  7  or  8 
miles  the  district  water  is  taken  into  a  large  canal  whose  head  is  3 
miles  west  of  Porterville«  and  which  has  a  westerly  coarse  for  2J  miles 
to  a  point  near  the  north  bank  of  Tule  Biver.  The  water  is  there 
separated  into  two  canals,  of  which  one  has  a  northerly  course  back  to 
Porter  Slough  and  the  other  drops  its  water  into  Tale  Biver,  from 
which  it  is  again  reclaimed  half  a  mile  below.  Porter  Slough  is  the 
main  north-side  lateral  for  6  or  7  miles;  thence  an  artificial  canal  con- 
tinues westward  to  near  the  western  limit  of  the  district.  The  south- 
side  main  lateral  has  a  course  almost  due  west  for  11  to  12  miles,  hold- 
ing a  position  within  one-half  mile  to  a  mile  of  the  south  boundary  of 
the  district.  The  older  ditches  within  the  district  and  smaller  laterals 
complete  the  distributing  system.  The  dropping  of  the  soath-branch 
water  into  Tale  Biver  is  only  a  temporary  arrangement,  it  being  pro- 
posed to  carry  this  water  over  the  river  in  a  flume. 

Water  is  expected  in  the  district  canals  from  about  March  1  to  July  1. 
The  irrigators  are  this  season  allowed  to  take  water  as  they  please, 
canal  operation  being  blocked  by  litigation.  It  was  at  first  proposed 
to  meet  operating  expenses  by  levying  an  assessment  upon  the  property 
of  the  district.  This  was  done  one  season,  and  qpst  of  operation  was 
about  $2,000.  The  following  year,  1896,  water  was  sold  at  20  cents  per 
irrigating  head  per  hour,  the  head  of  water  being  understood  to  mean 
the  amount  which  would  pass  over  a  clear  overfall  4  feet  long  and  1 
foot  deep.  Tliis  year,  as  already  stated,  water  is  taken  by  irrigators 
as  they  can  get  it. 

TIPTON  lEBIGATION  DISTBIOT. 

< 

The  Tipton  irrigation  district  is  a  second  district  dependent  upon 
Tale  Biver  for  its  water  supply,  but  its  right  to  make  a  diversion 
extends  only  to  the  flood  flow  of  the  river.  This  district  was  organ- 
ized in  1891.  It  contains  17,040  acres,  located  on  the  south  side  of 
Tule  Biver,  south  of  the  lower  portion  of  the  Tale  Biver  irrigation 
district.  A  first  issue  of  bonds  of  $50,000  was  followed  by  a  second 
to  the  amount  of  (20,000,  bat  the  second  series  has  never  been  dis- 
posed of. 

The  district  receives  water  through  Gallison  Slough,  the  southernmost 
delta  channel  of  Tule  Biver.  Arrangements  were  made  with  the  Woods 
Central  Irrigating  Ditch  Company  whereby  a  regulating  gate  was  to 
be  placed  and  maintained  for  common  use  in  the  head  of  the  sloagh. 
This  was  done.  The  gate  was  made  30  feet  wide,  20  feet  for  the  irriga- 
tion district,  and  10  feet  for  the  Woods  Irrigating  Ditch.    The  main 
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district  canal  was  taken  ont  of  the  slongh  about  2^  miles  below  its 
separation  from  the  river.  It  reached  the  district  by  a  coarse  a  little 
south  of  west,  and  four  principal  laterals  were  extended  from  it  west- 
ward into  the  district. 

The  canal  system  cost  the  district  $50,000  in  bonds  and  an  additional 
$11,000  represented  by  outstanding  warrants.  Here,  as  in  other  dis- 
tricts, bonds  did  not  sell  readily  for  cash  at  or  above  the  limit  pre- 
scribed by  law,  and  here  too  the  bulk  of  them  went  to  the  contractors 
of  ditch  work  through  a  nominal  purchaser. 

The  tax  collector  of  the  district  has  been  temporarily  enjoined  from 
selling  property  for  delinquent  taxes.  The  residents  of  the  districts 
do  not  seem  able  to  pay  the  irrigation  tax,  which  has  been  from  3  to 
over  4  per  cent  per  annum.  The  operating  expenses,  including  salaries 
of  all  officials  and  employees,  were  about  $3,000  while  the  district  was 
still  in  operation.  Irrigation  has  therefore  been  extended  very  little, 
if  any,  under  the  district  system,  so  that  on  the  whole  the  outlook  for 
this  district  is  not  encouraging. 

METHODS  OF  IRRIGATION. 

Irrigation  from  Tule  Biver,  with  its  many  channels  of  slight  depth, 
is  very  readily  accomplished ;  so  easily,  in  fact,  that  most  of  the  farmers 
along  its  banks  have  in  the  past  drawn  its  water  through  small  ditches, 
generally  owned  in  common  by  several  irrigators.  Small  high-water 
ditches,  frequently  without  head  gates,  are  numerous,  and  there  are  but 
few  irrigation  works  *on  a  large  scale.  The  dams  in  use  to  divert  the 
water  into  the  heads  of  the  ditches  are  usually  temporary  structures 
of  sand  and  brush.  The  only  ones  which  are  expected  to  withstand  the 
freshets  are  those  at  canal  heads  above  Porterville.  The  banks  of  Tale 
Biver  are  so  low  that  but  little  cutting  is  required  to  carry  water  from 
the  point  of  diversion  away  from  the  river  banks.  Only  the  lands  near 
and  above  Piano  and  Porterville,  and  those  along  the  Farmers'  Canal, 
are  favored  with  water  for  irrigation  during  more  than  the  spring 
months. 

Crops  cultivated  above  Porterville  are  principally  fruits,  including 
citrus  fruits,  for  which  this  section  is  famed,  vegetables,  and  other 
summer  crops.  Below  Porterville  the  most  important  crop  irrigated  is 
alfalfa.  Most  of  the  irrigated  land  near  Porterville  and  Piano,  where 
not  in  the  river  bottom,  is  a  moderately  dark  loam.  Water  is  applied 
to  trees,  vines,  and  vegetables  in  furrows  run  between  rows.  The  slope 
of  the  ground  in  the  region  just  indicated  is  ordinarily  too  great  to 
permit  of  irrigation  by  any  of  the  systems  of  flooding  in  checks,  as 
elsewhere  practiced.  When  irrigating  in  furrows,  the  water  is  deliv- 
ered into  a  number  of  these  at  the  same  time  from  a  small  distributing 
dit(*h.  The  quantity  of  water  admitted  into  each  is  so  small  that  it 
does  not  cause  erosion.  As  soon  as  the  loose  soil  between  frirrows  is 
thoroughly  wet,  irrigation  is  complete  and  water  is  turned  off. 
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This  system  of  irrigation  was  observed  od  a  hillside  aboat  1  mile 
east  of  Porteryille.  Water  was  diverted  from  a  brauch  of  the  Pioneer 
Canal  into  a  small  distribatary  lying  along  the  upper  edge  of  the 
orchard  to  be  irrigated.  The  amount  used  as  an  irrigating  head  was 
about  half  a  second-foot.  From  the  distributing  ditch  the  water  was 
diverted  at  regular  intervals  through  small  tubes  of  tin,  stuck  through 
short  boards  and  placed  temporarily  into  the  side  of  the  ditch ;  thence 
it  found  its  way  into  the  furrows.  The  grade  of  the  furrows  was  about 
1  foot  in  20.  The  water  was  allowed  to  flow  in  thirty  furrows  at  the 
same  time  and  required  the  attention  of  one  man.  Constant  attendance 
was  required,  but  the  labor  was  very  light.  This  system  of  irrigation 
can  be  practiced  to  advantage  only  in  the  daytime.  The  furrows  were 
about  3  feet  apart;  there  were  three  furrows  between  each  two  rows  of 
trees. 

By  means  of  this  system  of  irrigation  the  ground  was  wet  to  a  depth 
of  3  feet  or  more.  After  a  few  days  the  ground  was  well  cultivated,  in 
order  to  reduce  the  loss  of  water  from  the  surface  by  evaporation.  The 
soil  of  the  tract  thus  irrigated  is  a  light  black  loam,  a  dry  bog,  which 
becomes  very  soft  and  sticky  when  wet.  The  proprietor  gave  his  vines 
and  trees  only  one  irrigation  per  annum.  The  average  annual  rainfall 
in  this  vicinity  is  about  11  inches.  It  is  less  at  points  farther  west, 
being  only  about  7  inches  along  the  central  line  of  San  Joaquin  Valley 
at  points  opposite  Porterville. 

Lands  along  Tule  Biver  west  of  Porterville  are  for  the  most  part 
level  and  have  a  smooth  surface.  Irrigation  is  generally  accomplished 
by  flooding  in  checks  having  an  area  of  only  a  few  acres  each.  Alfalfa  is 
irrigated  every  four  to  six  weeks  while  water  is  available;  orchards  and 
vineyards,  once  or  twice  a  season,  according  to  water  supply ;  corn  land, 
ordinarily  once  before  seeding;  and  vegetables,  almost  continuously 
during  the  time  water  is  available.  Every  ditch  owner  tries  to  keep 
water  in  his  ditch  as  long  as  possible,  because  it  is  useful  for  stock 
purposes  when  not  required  for  irrigation.  The  soil  along  the  river  is 
generally  a  sandy  loam,  usually  resting  on  firm  clay,  called  hardpan, 
foond  at  a  depth  of  1  to  6  feet.  Ground  water  near  the  river  is  about 
14  feet;  it  is  to  some  extent  affected  by  the  flow  of  water  in  the  river 
and  in  ditches  and  its  use  in  irrigation;  but  the  time  between  irrigation 
periods  is  so  long  that  the  water  table  has  not  been  permanently  raised 
in  consequence  of  irrigation.  Irrigation  has  produced  no  marked 
changes  in  the  character  of  the  soil,  though  it  is  occasionally  claimed 
to  have  been  the  cause  of  an  increase  of  alkali  at  the  surface  of  some 
of  the  lands  irrigated.  Fevers  are,  and  always  have  been,  prevalent  to 
some  degree  along  Tule  Biver,  and  it  is  not  possible  from  the  limited 
data  coUected  to  determine  to  what  extent  the  healthfulness  of  the 
country  has  been  affected  by  the  practice  of  irrigation. 

Private  ownership  of  ditches  has  been  the  rule  on  Tule  Biver. 
The  sale  and  measurement  of  water  is  now,  however^  about  to  become 
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an  established  fact  on  the  Pioueer  Oanal,  and  has  already  been  intro- 
duced in  the  Tnle  Kiver  irrigation  district;  but  it  practically  amounts 
only  to  systematizing  water  distribution,  compelling  economic  use,  and 
putting  the  burden  of  canal  maintenance  upon  the  irrigator  alone,  the 
sale  being  restricted  either  to  holders  of  canal  stock  or  to  taxpayers  iu 
a  district. 

PUMP  IRRIGATION  AT  MITDSAY. 

The  water  development  by  means  of  artesian  wells  in  San  Joaquiu 
Valley  is  a  subject  of  considerable  interest,  but  can  not  be  dealt  with 
fully  in  this  paper,  owing  to  lack  of  detailed  information  concerning 
recent  developments.  But* the  use  of  water  secured  by  pumping  from 
a  subsurface  source  has  been  so  successful,  in  at  least  one  portion  of 
the  field  under  consideration,  that  a  brief  reference  to  it  will  not  be  out 
of  place. 

Lindsay  is  a  new  settlement  on  the  east-side  valley  plain,  about  10 
miles  northwest  of  Porterville.  It  was  at  first  proposed  to  bring  water 
into  that  locality  from  Kaweah  River,  but  before  the  difiSculties  in  the 
way  of  canal  construction  were  overcome  it  was  found  that  a  layer  of 
sand  at  about  60  to  65  feet  below  the  surface  afibrded  a  fair  supply 
of  water.  Centrifugal  pumps  have  been  brought  into  service  to  develop 
this  water  supply.  The  pumps  are  placed  in  pits  about  30  feet  deep, 
near  the  surface  of  the  ground  water,  and  water  is  delivered  by  them 
through  pipes  to  the  place  of  use.  Both  steam  and  gasoline  engines 
are  in  use  to  supply  power.  The  irrigation  is  confined  almost  exclu- 
sively to  citrus  fruits,  the  cultivation  of  which  commenced  in  this  locality 
about  five  years  ago.  The  water  surface  in  the  wells  is  lowered  during 
pumping  from  10  to  27  feet,  according  to  pump  capacity.  The  total 
height  water  is  raised,  including  friction  in  pipes,  is  said  to  exceed  iu 
some  cases  70  feet.  One  irrigator,  with  2^  cords  of  oak  wood  at  $4  a 
cord,  and  one  pump,  claims  to  be  able  to  irrigate  from  20  to  25  acres  of 
orchard  land  per  day,  according  to  distance  from  pump.  The  method 
of  irrigation  is  by  multiple  farrows  between  rows  of  trees.  The  soil  is 
a  rather  stiff,  chocolate-colored  loam. 

There  are  four  steam  pumping  plants  and  about  six  gasoline  pumping 
plants  now  in  that  vicinity. 

Irrigation  is  continued  throughout  the  summer  months  from  about 
May  1  to  October  1.  Trees  over  one  year  old  receive  water  every  five 
to  six  weeks  j  younger  trees  more  frequently. 


INDEX. 


Page. 
▲ItairrlgAtiondlBtriot,  aitiutioo  and  organi- 
zation of 24 

Anderaon  Canal,  description  of 48-49 

AngoDitoh,  description  of. 43 

Aahe  IMtoh,  description  of 60 

Bacigalnpi  Ditch,  description  of 89 

Bacdgalnpi  Sc  Crelghton  Canal,  description 

of 89-90 

Bakersfleld,  examples  of  irrigation  near. . .  fl9-70 

BsJl  &  Harris  Ditch,  description  of 82 

Bond  Ditch,  description  of 89 

Beardsley  Canal,  description  of 50-51 

Broims  Valley  irrigation  district,  notes  on.  28-24 

Bnena  Vista  Canal,  description  of 49 

CaUison  Sloagh,  description  of 81 

Calloway  Canal,  description  of 51-55 

CaiDihers  Ditch,  description  of 76 

Castro  Ditch,  description  of 48 

Central  irrigation  districtt  location  and  area 

of 23 

Cereals,  fnrrow  irrigation  of 32 

Checks  (level) ,  fnrrow  Irrigation  in 33 

College  City  irrigation  district,  location  of.  23 
Colusa  irrigation  district,  location  and  area 

of 23 

Cost  of  preparing  land  for  irrigation 67 

Creasey  Ditch,  description  of 76 

Creech  Ditch,  description  of 83 

Deer  Creek,  irrigation  from 76 

Beer  Creek  Consolidated  Ditch,  description 

of 76 

Dixon  Canal,  description  of 61 

Dnty    of  water,   examples   of   irrigation 

showing 69-75 

Edwards  Ditch,  description  of 58 

Ebod  Ditch,  description  of 88 

Empire  Ditch,  description  of 82 

Emery  Ditch,  description  of. 56 

Eancher  Ditch,  description  of 83 

Fsrmers  Canal,  description  of 47 

Farmers  Ditch,  description  of 85 

Fine  Ditch,  description  of 80 

Finney  Ditch,  description  of 83 

Fisher  &  Abley  Ditch,  description  of 48 

Flooding  between  paraliel  levees,  descrip- 

tionof. 31-82 

Flooding  In  contour  checks,  des<^ption 

of 27-29,66 

Flooding  in  level  checks,  description  of 30-31 

Flooding  in  rectangular  checks  (not  level), 

description  of 29-30 

Frasier  Ditch,  description  of 5<) 

Fnhreiler  Ditch,  description  of 88 

Furrow  irrigation,  description  of 32-33 


Page. 

Gates  Oanal,  description  of 49 

Gilliam  Ditch,  description  of 87 

(joose  Lake  (yanal,  description  of 66 

Great  American  Dit<-h,  description  of 84 

Gully  Ditch,  description  of 83 

Henley  Ditch,  description  of 50 

Hively  Ditch,  description  of 83 

Hockett  Ditch,  description  of 87 

Hubbs  Sc  Miner  Ditch,  description  of 87-88 

Hunsaker  Ditch,  description  of 88 

Huron  irrigation  district,  location  of 25 

Irrigation,  methods  of 26-36, 66-68, 92-94 

State  control  and  legal  regulation  of 

water  supply  for 19-22 

Irrigation  districts,  details  concerning 23-25 

James  Canal,  description  of 49-50 

James  Sc  Dixon  Canal,  description  of 58-59 

Johnson  Canal,  description  of 59-60 

Joice  Canal,  description  of 60-61 

Jones  Ditch,  description  of 83 

Jones  &  Tuokey  Ditch,  dencription  of 56 

Kern  and  Tulare  irrigation  district,  notes 

on 25,63 

Kern  Island  Canal,  description  of 43-45 

Kern  River,  hydrography  of 37-41 

irrigation  flroni 42-75 

Kern  Valley  Water  Company's  canals,  de- 
scription of 61-63 

Elleln  Ditch,  description  of 89 

Kraft  irrigation  district,  location  of 28 

Lamarsna  Ditch,  description  of 89 

Legal  regulations  of  use  of  running  water, 

methods  of 19-22 

Level  checks,  furrow  irrigation  in 83 

Lindsay,  pump  irrigation  at 94 

Lone  Oak  Slough,  description  of 83 

Madera  irrigation  district,  location  and  area 

of 24 

May  Ditch,  description  of 60 

McCaffery  Ditch,  description  of. 51 

McCord  Canal,  description  of 51 

McGee.  Putnam,  &  Caldwell  Ditch,  descrip- 
tion of 87 

Meacham  Canal,  description  of 50 

MitcheU,  Springer,  &  Rose  Ditch,  descrip- 
tion of 79 

Modesto  irrigation   district,  location   and 

area  of 24 

M.  M.  Burnett  Ditch,  description  of 88-89 

Measurement  of  water,  modes  of 65-66 

Newell,  F.  H. ,  letter  of  transmittal  by 11 

Old  English  Ditch,  description  of 81 

Old  South  Fork  of  Kern  River,  description 

of 46-47 

.95 


XISITED  STATES   GEOLOGICAL  8UKVET 

CHAKLBS  D.  WALCOTT.  DIRECTOR 


IRRIGATION  NEAR  FRESNO,  CALIFORNIA 


CARL    E^VALD    GRTJNSKY 


WASHINGTON 

aOYBBKMENT  PBINTINQ  OFFIOK 
1898 


H-v^cj  lO^Oi-L 


\0 


/ 


(yLv^    fWrve-  . 


CONTENTS. 


I/etterof  transmittal 9 

Kaweah  Riyer 11 

Hydrography 11 

Canals  and  ditches 14 

Wutohnmna  Canal 14 

Curtis  d^  Lindsey  Ditoh 16 

Venice  Ditch  (North  Side  Rocky  Ford  Ditch) 16 

Elbow  Ditch  No.  1 16 

Matthew  Ditch,  or  Elbow  Ditch  No.  2 10 

Cnrtis  Ditch 17 

Weston  Ditch 17 

Uphill  Ditch 17 

Settlers  Ditch 17 

Lakeside  Ditch 18 

Jennings  Ditch 20 

RodgersDitch 20 

Modoc  Canal 20 

Hicks  &  Weston  Ditch 20 

Hayes  Upper  Ditch  (Goshen  Ditch) 20 

Hayes  Lower  Ditch 21 

Pogaes  Upi)er  Ditch 21 

Pogues  Lower  Ditch 21 

Ogden  Ditch 21 

Hamilton  Ditch w 22 

Consolidated  Peoples  Ditch 22 

Swanson  Ditch 26 

Lee  Sl  Thompson  Ditch 25 

Rice  Ditch 25 

Catron  and  Teagne  ditches 25 

Bliss  &  Hyde  Ditch 25 

Davis,  Brown,  and  Pennebaker  ditches 25 

Extension  Ditch 25 

Kaweah  Canal 26 

Farmers  Canal 27 

Tulare  Canal 28 

Rocky  Ford  Ditch 29 

Cameron  Croek  Company 29 

Bacon  &  Crossmore  Canal  (Pack wood  Creek  Canal) 29 

Jndd  Ditch 30 

Cutler  &  Higgins  Ditch  (Chatten  Ditch) 31 

Kaweah  and  Mill  Creek  Water  Company 31 

Oaks  Ditch 31 

Evans  Ditch 32 

Evans  &  Turner  Ditch 32 

Burch  Ditch 32 


6  CONTENTS. 

Kaweah  River — Continuod.  Page. 
Canals  and  ditches — Contiunod. 

Watson  Ditch 32 

MiU  Ditch 32 

Bah  well  and  Fulgham  dit-ches 33 

Longs  Canal 33 

BostwickCnt 33 

KetohamCut 34 

Crowley  &  Mehrtens  Ditch 34 

Tulare  irrigation  district 34 

Water  supply,  soils,  and  methods  of  irrigation 35 

Kings  River 39 

Hydrography 39 

Canals  and  ditches 42 

Kings  River  Sl  Fresno  Canal 42 

Fresno  Canal 43 

Centerville  Ditch 47 

Sweem  Ditch 48 

Fowler  Switch  Canal 48 

Centerville  &  Kingshnrg  Canal 50 

Selma  irrigation  district 52 

Alta  irrigation  district  (76  Canal) 52 

Morrow  Ditch 57 

Dennis  &  Jordan  Ditch 57 

Kincaid  Ditch 57 

Glenn  and  Barton  ditches 57 

Emigrant  Canal 57 

Liberty  Canal 58 

Millrace  Canal 58 

Reeds  Ditch 58 

Laguna  de  Tache  Canal  (Grant  Canal) 58 

Crescent  Canal 62 

Peoples  Ditch 62 

Mussel  Slough  Ditch 64 

Last  Chance  Ditch 65 

Lower  Kings  River  Canal 67 

Rhoads  Canal 69 

Jacobs  Canal 69 

Sunset  irrigation  district 69 

The  Fresno  plains 71 

Description 71 

The  canal  system 73 

Loss  of  water  by  evaporation  and  seepage 74 

Effect  of  irrigation  on  the  water  table 78 

Methods  of  irrigating  and  duty  of  water 79 

Wildilower 85 

Liberty  and  Millrace  settlenient-s 86 

Laguna  de  Tache  Rancho 86 

Mussel  Slough  country 87 

Description 87 

Canal  system 87 

Method  of  irrigation 88 


ILLUSTRATIONS. 


Page. 

Platic  I. — Map  showing  canals  from  Kaweali  and  Tule  rivers 11 

II. — A,  Flame  over  Tulare  Canal;  B,  Main  canal  of  Tulare  irrigation 

district 28 

III. — A,  Canal  regulator,  Tulare  irrigation  district;  B,  Lateral,  1  mile 

south  of  Tulare 34 

IV. — ^Map  of  east  side  of  San  Joaquin  Valley,  from  Kings  River  to  Fresno 

River 38 

v. — Kings  River  at  apper  end  of  Centerville  Bottoms,  looking  up- 
stream    42 

y I. — Af  Regulator  on  Kings  River  &  Fresno  Canal ;  B,  Fowler  Switch 

Canal  near  Sanger,  looking  upstream 44 

VII. — Cobblestone  and  brush  dam  of  Fresno  Canal,  Kings  River 46 

VIII. — Regulator  of  Fresno  Canal  on  Kings  River:  A,  As  seen  from  above; 

B,  As  seen  from  below , 48 

IX. — Regulator  on  Fowler  Switch  Canal:  A,  As  seen  from  above;  B,  As 

seen  from  below 50 

X. — Regulator  on  76  Canal:  A,  As  seen  from  above;  B,  As  seen  from 

below 52 

XI. — A,  Furrow  irrigation  for  citrus  fruits;  B,  Check  weir  in  Alta  irri- 
gation district,  m  lateral,  about  2  miles  west  of  Traver 56 

XII. — Lower  Kings  River  canal  system 58 

XIII. — Peoples  Ditch:  A,  Brush  dam  at  time  of  high  water;  By  Regulator, 

as  seen  from  above 62 

XIV. — Last  Chance  Canal  regulator:  A,  As  seen  from  upper  side;  ^,  As 

seen  from  below 66 

FiG.  1. — Head  of  Wutchnuma  Canal 15 

2.— Head  of  Uphill  Ditch 17 

3.— Head  of  Lakeside  Ditch 19 

4. — Head  of  Consolidated  Peoples  Ditch 22 

5. — Ditch  system  at  head  of  Kaweah  Canal 26 

6.— Head  of  Farmers  Canal 28 

7. — Head  of  Bacon  «fc  Crossmore  Canal 30 

8. — Head  of  Bacon  &  Crossmore  Cut 30 

9. — Discharge  of  Kings  River  at  Red  Mountain,  California,  1896 41 

10.— Head  of  Kings  River  <&  Fresno  Canal 42 

11. — Head  of  Fresno  Canal 44 

12.— Head  of  Fowler  Switch  Canal 49 

13. — Head  of  Centerville  &  Kingsburg  Canal 51 

14. — Wahtoke  Reservoir,  on  76  Canal 53 

15.— Head  of  76  Canal .- 54 

16. — Plan  and  elevation  of  regulator  for  76  Canal 55 

17.— Head  of  Grant  Canal 60 

18. — Head  of  Peoples  Canal,  on  Kings  River 63 

19. — Head  of  Last  Chance  Ditch,  on  Kings  River. 66 

20. — Upper  section  of  Lower  Kings  River  Canal 68 

21. — Irrigation  by  filling  subsoils  with  water.  Mussel  Slongh  country 89 

7 


LETTER  OF  TRANSMITTAL 


Depabtment  of  the  Interiob, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washingtorij  July  6*,  1898. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Irrigation  near  Fresno,  California,  by  Mr.  0.  E.  Grunsky,  and  to  recom- 
mend  that  it  be  published  as  one  of  the  series  of  pamphlets  on  Water 
Sapply  and  Irrigation.  This  is  the  second  of  three  papers  relating  to 
irrigation  in  San  Joaquin  Valley,  the  other  two  being  Nos.  17  and  19 
of  the  series.  It  relates  mainly  to  the  irrigation  systems  deriving  their 
water  supply  from  Kaweah  and  Kings  rivers,  and  covering  the  agri- 
cultural lands  on  the  east  side  of  San  Joaquin  Valley,  between  Visalia 
and  Fresno. 

Very  respectfully, 

F.  H.  Newell, 
Hydrographer  in  Charge. 
Hon.  Charles  D,  Walcott, 

Director  United  States  Geological  /Survey, 


IRRIGATION  NEAR  FRESNO,  CALIFORNIA/ 


By  G.  E.  Geunsky. 


KAWEAH  RIVER. 

HYDROGRAPHY. 

Kaweah  River  enters  San  Joaqoin  Valley  ft*om  the  east,  passiug 
between  Dillons  Point  on  the  north  end  and  Wutchnmna  Hill  on  the 
sonth,  aboat  15  miles  east  of  Visalia.  ,  Its  drainage  basin  above  that 
point  has  an  area  of  619  square  miles,  mostly  low  mountain  country. 
The  river  has  a  perennial  flow,  but  its  flow  is  comparatively  small  at  low 
stages,  ordinarily  about  30  second-feet.  The  low-water  ]>eriod  usually 
begins  in  August  and  continues  through  January.  The  river  is  sub- 
ject to  freshets  in  the  winter  months,  and  is  at  its  highest  stages  in 
April,  May,  and  June.  Medium  stages  are  expected  throughout  Feb- 
ruary, March,  and  July.  The  monthly  mean  flow  at  the  river's  highest 
stage  exceeds  4,000  second-feet.^ 

Before  the  freshets  of  1861-62,  which  have  become  memorable,  the 
river  annually  overflowed  large  areas  in  its  course  across  the  east-side 
valley  plain,  and  numerous  high-water  channels  carried  its  waters 
toward  Tulare  Lake.  The  portion  of  its  overflowed  district  to  the  east 
of  or  above  Visalia  is  generally  referred  to  as  Visalia  Swamp.  Four  of 
the  river  channels — Elbow  Creek,  Visalia  or  Mill  Creek,  Packwood 
Creek,  and  Deep  Creek — gave  the  name  of  "  Four  Creek  Country"  to 
the  vicinity  of  Visalia.  The  channel  at  the  northern  edge  of  the  over- 
flowed land  was  known  as  Canoe  Creek  above  Iron  Mountain,  and  as 
Elbow  Creek  below  that  point.  The  course  of  Elbow  Creek  is  north 
of  west  to  a  junction  with  Cottonwood  Creek,  a  small  water  course 
from  the  northeast,  thence  southwesterly  to  a  reunion  with  Kaweah 
River  water  in  Cross  Creek,  which  name  is  given  to  the  lower  portion 


I  For  an  accotmt  of  irrigation  in  other  parte  of  San  Joaquin  Valley,  see  Wator-Supply  and  Irriga- 
tion Papers  Nob.  17  and  19.  These  three  papers  are  based  largely  upon  Id  formation  collected  by  the 
State  engineering  department  of  California  ten  years  ago,  and  are  intended  to  sapplement  the  two 
volumes  issued  by  that  department,  namely :  Irrigation  Development,  History,  Customs,  Laws,  etc., 
in  France,  Italy,  and  Spain,  by  Wm.  Ham.  Hall,  C.  £.,  State  Engineer,  Sacramento,  California,  1886 ;  and 
Irrigation  in  California  (Southern),  Fart  2  of  Keport  of  Wm.  Ham.  Hall,  C.  E.,  State  Engineer  of  Cali- 
fomia.  1888.    (See  introductory  paragraph  on  page  13  of  Water-Supply  and  Irrigation  Paper  No.  17.) 

'Physical  Data  and  Statistics,  Wm.  Ham.  Hall,  State  Engineer  of  Califomia,  pp.  455,  476. 
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of  St.  Johns  CbanDel  of  the  river.  Deep  Creek  was  the  principal 
south  marginal  stream.  It  received  water  from  the  main  channel  of 
the  river  8  miles  east  of  Yisalia  and  lost  its  identity  about  5  miles 
southeast  of  Yisalia,  where  its  waters  spread  and  were  received  into 
other  channels  of  difTerent  names.  Yisalia  Creek  and  Packwood 
Creek  were  the  names  given  to  the  two  water  courses  into  which  the 
main  channel  of  Kaweah  liiver  separated  5  miles  above  Yisalia.  The 
course  of  Yisalia  Creek  was  westerly  through  Yisalia,  that  of  Pack- 
wood  Creek  southwesterly.  To  understand  the  changes  made  in  the 
system  of  principal  channels  of  the  river  by  the  high  waters  of  1862 
and  the  effects  of  these  changes,  it  is  necessary  to  know  that,  even 
preceding  that  year,  irrigation  and  drainage  work  had  been  done  in 
the  Eaweah  Kiver  delta.  The  Shipp  Cut  had  been  made  in  1854.  It 
was  a  small  drain  ditch  from  the  swamp,  near  where  Eocky  Ford  now 
is,  southwesterly  to  a  connection  with  Canoe  Creek.  A  canal  had 
been  constructed  from  Yisalia  Creek  into  Yisalia  to  supply  power  to  a 
flour  mill.  The  Lander  Ditch,  the  Watson  Ditch,  and  a  number  of 
other  small  ditches  from  Yisalia  and  Packwood  creeks  had  also  become 
dependent  upon  the  flow  of  water  in  the  river  channels  at  the  south  of 
Yisalia.  The  freshets  of  1861-62  cut  a  new  channel  from  a  point  on 
Kaweah  Kiver  about  14  miles  east  of  Yisalia  in  a  northwesterly  direc- 
tion toward  and  along  the  northern  border  of  Kaweah  Kiver  Swamp. 
Shipp  Cut  and  a  section  of  Canoe  Creek  were  enlarged  by  the  flood 
waters  and  became  a  part  of  this  new  channel,  and  finally  a  connec- 
tion was  established  with  the  Cross  Cre^k  chancel  below  Yisalia,  and 
thus  St.  Johns  Channel  of  Kaweah  Kiver  was  i)ermanently  estab- 
lished. At  the  same  time  a  new  high-water  channel  was  washed  out 
toward  the  northeast  from  a  point  on  Kaweah  Kiver  6  miles  above 
Yisalia  to  a  connection  with  this  new  channel.  This  is  known  as  Sand 
Slough,  which  still  remains  as  a  connection  between  the  two  river 
channels  at  a  point  where  they  are  only  about  one-half  mile  apart. 
The  same  high  waters  caused  so  much  erosion  in  Landers  Ditch  that 
it  became  a  branch  of  the  river,  and  is  generally  referred  to  as  Landers 
Slough.  Its  upper  portion  was  long  in  use  as  the  channel  through 
which  the  Consolidated  Peoples  Ditch  received  its  water. 

The  upper  sections  of  the  original  main  channel  of  Kaweah  Kiver 
were  obstructed  by  the  drift  and  silt  deposits  of  these  freshets,  and  as  the 
low-water  period  of  1862  approached,  it  was  found  that  water  was  scarce 
for  those  depending  upon  Deep  Creek,  Packwood  Creek,  and  Yisalia 
Creek  for  their  supply,  and  many  projects  were  proposed  for  relief. 
During  the  years  immediately  following,  a  number  of  ditches  were  con- 
structed from  the  St.  Johns  Channel  of  the  river,  near  Rocky  Ford, 
southwesterly  to  the  original  main  channel.  Such  were  Longs  Canal, 
Ketchum  Canal,  and  the  Bostwick  Cut.  All  of  these  were  intended 
to  increase  the  flow  in  the  delta  streams  at  and  southward  of  Yisalia. 
After  much  contention  between  settlers  on  these  several  streams  as  to 
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the  apportionment  of  their  scant  supply  of  water,  it  was  agreed,  in  1867, 
that  a  gate  should  be  constructed  in  the  head  of  Yisalia  Greek.  This 
gate  was  not,  however,  maintained  long.  The  freshets  of  1867-^8  were 
almost  equal  to  those  of  1861-62  and  effected  further  -enlargement  of 
the  Bt.  Johns  Channel.  They  refilled  and  otherwise  destroyed  some 
of  the  ditches  that  had  been  opened  as  connections  between  the  two 
rivers.  They  washed  out  the  gate  in  the  head  of  Yisalia  Greek,  and 
partially  closed  the  heads  of  Packwood  and  Deep  creeks.  They  enlarged 
Sand  Slough.  At  the  same  time  the  upper  portions  of  the  old  channel 
of  Kaweah  Biver  were  further  obstructed  by  drift  and  silt,  and  a  new 
head  of  St.  Johns  Channel  was  eroded  about  a  mile  above  the  former 
XK>int  of  separation  of  the  two  channels. 

To  overcome  the  increased  difficulties  of  keeping  a  good  supply  of 
water  in  those  channels  of  the  river  reaching  the  vicinity  of  Visalia, 
many  ineffectual  efforts  were  made  and  much  money  was  almost  use- 
lessly exx>ended  until,  in  1877,  a  contract  was  entered  into  with  Mr. 
Samuel  Fowler  by  the  Kaweah  Canal  and  Irrigation  Company,  the  Con- 
solidated Peoples  Ditch  Company  being  an  interested  party,  to  open 
the  old  channel  of  the  river.  The  cut  then  made,  practically  following 
the  old  channel,  was  enlarged  and  deepened  by  erosion,  until  a  few 
years  thereafter  it  was  again  the  low-water  channel  of  Kaweah  River. 
Another  obstructed  section  of  the  old  channel  near  the  head  of  the 
Consolidated  Peoples  Ditch,  about  10  miles  east  of  Yisalia,  was  improved 
about  the  same  time  by  the  Kaweah  and  Mill  Creek  Water  Company, 
and  has  since  been  known  as  the  Yisalia  Cut  or  Hamilton  Cut. 

The  obstructed  head  of  Packwood  Creek  was  improved  by  the  Kocky 
Ford  Canal  Company,  but  was  not  in  service  long.  This  creek  now 
receives  its  principal  supply  of  water  through  the  Bacon  &  Crossmore 
Cut  from  Yisalia  Creek.  It  has  a  southwesterly  course,  and  such  of  its 
water  as  is  not  used  for  irrigation  is  delivered  into  Tulare  Lake. 

Cross  Greek  has  already  been  mentioned  as  receiving  the  water  of  St. 
Johns  Channel,  Elbow  Creek,  and  Cottonwood  Creek.  After  approach- 
ing within  4  miles  of  Traver  its  course  becomes  southwesterly  to  a  union 
with  some  of  the  old  high- water  delta  channels  of  Kings  Eiver.  Its 
course  is  thence  southerly  along  the  eastern  border  of  this  delta  to 
Tulare  Lake,  which  receives  its  water. 

Yisalia  or  Mill  Creek  separates  into  two  channels  soon  after  passing 
through  Yisalia.  The  course  of  one  of  these  is  a  little  north  of  west, 
that  of  the  other  southwest.  Both  unite  with  Cross  Creek  before  reach- 
ing Tulare  Lake. 

Cameron  Greek  is  one  of  the  lesser  delta  channels  of  Kaweah  Eiver. 
It  receives  a  portion  of  the  flow  of  Deep  Creek  at  a  point  about  6  miles 
due  east  from  Yisalia,  and  has  a  southwesterly  course  to  Tulare  Lake. 
It  passes  just  to  the  northward  of  Tulare.  An  artificial  channel  at  the 
head  of  this  water  way,  constructed  to  improve  its  connection  with  Deep 
Greek,  was  closed  by  an  order  of  court  some  years  ago. 
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Deep  Creek  has  already  been  mentioned.  Its  waters  at  the  ^)M)read  or 
sink  of  the  creek  were  eondacted  by  small  artificial  channels  intiw  Lower 
Deep  Greek  and  Bates  Slough.  These  artificial  channels  were  soon  so 
enlarged  by  erosion  that  the  two  lower  sloughs  have  become  extensions 
of  the  Deep  Greek  channel  and  conduct  its  waters  onward  southwesterly 
toward  Tulare  Lake.  \ 

Outside  Greek  has  a  course  along  the  eastern  margin  of  the  K^iweah 
delta.  The  creek  can  not  be  traced  to  a  direct  connection  wit|i  the 
present  river  channels.  It  may,  in  fact,  be  regarded  as  the  extenision 
into  the  river  delta  of  Yokohl  Greek,  a  small  stream  draining  a  portion 
of  the  foothill  section  intermediate  between  the  Kaweah  Itiver  and  Tule 
Biver  drainage  basins;  but  in  times  of  flood  the  natural  flow  of  some 
of  the  river  water  was  into  depressions,  reaching  a  point  that  may  be 
regarded  as  the  head  of  Outside  Greek,  about  9  miles  east  of  YisaJia. 
The  creek  now  receives  an  occasional  inflow  of  foothill  drainage  waters 
from  the  east  and  the  waste  water  from  some  of  the  branches  of  the 
Gonsolidated  Peoples  Ditch.  The  water  of  Outside  Greek  is  distributed 
to  a  number  of  channels,  the  most  southerly  of  which  is  Elk  Bayou, 
which  unites  southeast  of  Tulare  with  the  old  channel  of  Tule  River, 
and  thence  has  a  southwesterly  course  to  a  union  with  the  present  main 
channel  of  Tule  River. 

CANALS  AND  DITCHES. 

Wutchumna  Canal, — This  is  the  upper  north-side  diversion  of  water 
from  Kaweah  River.  The  head. of  the  canal  is  at  the  base  of  the  slope 
of  Dillons  Point,  a  foothill  spur  rising  to  the  northward.  Thence  it 
has  a  westerly  course  for  4  miles  to  a  flat  depression,  which  its  water 
converts  into  a  lake  of  about  40  acres,  known  as  Bravo  Lake.  Leaving 
Lake  Bravo,  the  westerly  course  of  the  canal  is  maintained  4  miles 
farther  to  the  northern  base  of  Iron  Mountain,  and  thence  6  miles  south- 
westerly to  St.  Johns  Ghannel,  about  4  miles  above  Yisalia,  where  its 
water  is  carried  over  the  river  channel  in  a  flume.  The  main  canal 
then  flows  westerly  near  the  south  bank  of  the  river  about  2  miles  to 
a  junction  with  Old  or  Lower  Wutchumna  Ditch^  whose  branches 
extend  far  to  the  west  of  Yisalia. 

The  Wutchumna  Water  Gompany  was  incorporated  in  1872  for  the 
avowed  purpose  of  effecting  a  better  distribution  of  water  to  the  sev- 
eral ditches  dependent  upon  Kaweah  River  for  their  supply,  but  various 
difficulties  were  encountered  which  prevented  the  enterprise  from  meet- 
ing with  anticipated  success,  and  it  was  not  until  1880  that  a  connec- 
tion  between  the  upper  diversion — work  on  which  is  reported  to  have 
commenced  in  1872 — and  the  distributing  system  of  the  lower  canal 
was  finally  established.  The  lower  canal  was  constructed  in  1873  or 
1874.  Its  head  is  on  the  south  side  of  the  St.  Johns  Ghannel  of 
Kaweah  River,  about  3  miles  northeast  from  Yisalia.  It  established  a 
direct  southerly  connection  between  St.  Johns  River  and  Yisalia  Greek, 
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and  for  three  years  its  water  furnished  power  for  the  flour  mill  in 
Yisalia.  The  principal  branch  of  the  Lower  Wutchamna  Canal  has  a 
westerly  course,  passing  just  to  the  north  of  Yisalia  and  terminating 
at  a  point  about  4  miles  south  firom  Goshen. 

The  first  work  at  the  head  of  the  Wutchumna  Canal  seems  to  have 
been  done  by  Stephen  Barton,  who  subsequently  appears  as  one  of  the 
directors  in  the  Pioneer  Canal  Company,  which  was  incorporated  in 
1877,  and  which  during  that  season  constructed  a  ditch  on  the  line 
adopted  by  the  Wutchumna  Canal  as  far  as  Bravo  Lake.  When  the 
Wutchumna  Canal  Company,  as  successor  of  the  Pioneer  Company, 
assumed  control,  this  upper  ditch  was  extended  along  the  route  already 
described. 

The  canal  head  gate  or  regulator  has  been  placed  in  a  rock  cut,  and, 
as  a  result  of  this  location  of  the  head  of  the  canal,  expenditures  of 
maintenance  became  unusually  heavy  when,  a  few  years  after  the 
canal  came  into  use,  it  became  necessary  to  cut  the  upper  section  of 
the  canal  4  feet  deeper. 
This  was  done  at  a  cost 
of  $6,000.  The  total 
cost  of  canal  construc- 
tion has  probably  ex- 
ceeded $60,000.  The 
head  gate  width  is  20 
feet,  and  this  may  be 
regarded  as  the  aver- 
age bed  width  of  the 
canal  throughout  its 
principal  section.  Its 
fall  is  reported  to  be 
nearly  7  feet  to  the  mile 
for  4  miles,  thence  2^  feet  to  the  mile.  The  flume  across  St.  J ohns  Kiver  is 
14  feet  wide,  2  feet  deep,  and  about  150  feet  long.  It  was  built  in  1880.  The 
head  gate  of  the  Lower  Wutchumna  Canal  is  a  little  over  11  feet  wide. 

For  a  distance  of  about  4  miles  westward  from  Lake  Bravo  the  canal 
follows  the  original  alignment  of  the  Curtis  &  Lindsey  Ditch.  This 
ditch  was  enlarged,  and  its  owners  were  granted  a  right  to  use  that  sec- 
tion of  the  Wutchumna  Canal. 

The  canal  is  owned  by  an  incorporated  company  whose  shares  are  all 
in  the  hands  of  about  thirty  persons.  AH  canal  expenses  are  met  by 
assessment  of  the  stockholders.  Each  stockholder  is  entitled  to  a  pro- 
])ortioual  part  of  the  water  in  the  canal,  and  he  may  dispose  of  this  at 
his  pleasure.  He  may  lease  this  to  whom  he  pleases,  but  not  in  less 
amounts  than  full  shares.  The  distribution  of  water  is  in  charge  of  a 
canal  superintendent,  who  apportions  it  to  the  various  distributing 
ditches  in  proportion  to  the  number  of  shares  represented  in  each. 
Although  the  company  owns  some  of  the  shares  of  stock,  these  are  not 
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for  sale,  Dor  will  the  company  lease  them  or  the  water  which  they  repre- 
*  sent.  By  retaining  these  the  company  increases  the  proportional  part 
of  water  represented  by  each  of  the  other  shares.  The  canal  company 
bears  the  expense  of  the  necessary  strnctares  at  the  heads  of  distrib- 
uting ditches,  bat  does  not  keep  them  in  repair  or  replace  them  if 
destroyed.  This  has  to  be  done  under  direction  of  the  canal  superin- 
tendent by  the  parties  directly  interested  in  their  maintenance. 

Curtis  &  Lindsey  Ditch. — This  ditch  has  its  head  on  the  north  side  of 
St.  Johns  Eiver,  4  miles  below  the  head  of  the  Wutchumna  Canal.  It 
has  a  northwesterly  course  for  one-half  mile  to  a  connection  with  the 
Wutchumna  Canal,  into  which  it  drops  its  water.  Four  miles  below 
this  point  the  water  dropped  into  the  Wutchumna  Canal  is  again  taken 
out  by  a  ditch  4  miles  long  having  a  northwesterly  course  and  termi- 
nating on  the  bottom  lands  of  Cottonwood  Creek.  The  Curtis  &  Lind- 
sey  Ditch  was  constructed  in  1876,  and  its  extension  toward  Cotton- 
wood Creek  was  made  in  the  following  year.  Soon  afterwards  4  miles 
of  its  course  were  adopted  as  the  alignment  for  the  Wutchumna  Oanal, 
so  that  the  ditch  now  appears  in  two  sections,  of  which  the  lower  one 
may  also  be  considered  a  branch  of  the  Wutchumna  Canal.  The  ditch 
is  also  known  as  the  Curtis,  Lindsey  &  Mo^tt  Ditch.  Its  width  was 
about  10  feet  on  the  bottom,  and  its  fall  between  2  and  3  feet  to  the 
mile,  but,  so  far  as  known,  the  extent  of  irrigation  from  it  has  not 
exceeded  several  hundred  acres. 

Venice  Bitch, — This,  called  also  Korth  Side  Bocky  Ford  Dit<ch,  is  a 
small  north- side  ditch  which  seems  to  have  been  first  used  about  1873. 
It  was  extended  and  enlarged  somewhat  in  1877.  Its  head  is  at  Bocky 
Ford.  It  has  a  westerly  course  to  Iron  Mountain,  thence  skirts  the 
eastern  and  southern  base  of  this  mountain,  and  terminates  2  miles 
farther  west.  It  is  about  6  miles  long  and  3  to  8  feet  wide.  Ownership 
in  the  ditch  is  represented  by  shares  held  by  the  farmers  who  use  its 
water. 

Elbow  Ditch  No.  1. — ^The  flow  of  Elbow  Creek,  which  leaves  St.  Johns 
Biver  at  a  point  about  5  miles  above  Yisalia,  is  controlled,  in  a  measure 
at  least,  by  a  regulator  or  head  gate  8  feet  wide,  and  is  frequently 
referred  to  as  Elbow  Ditch  No.  1.  The  upper  part  of  the  creek  is  an 
enlargement  by  erosion  of  a  portion  of  the  ditch  known  as  Shipps  Cut, 
which  was  constructed  in  1854. 

Matthew  Ditchj  or  Elbow  Ditch  No.  2, — This  is  a  small  ditch  having 
its  head  on  the  north  side  of  St.  Johns  Biver,  about  2  miles  below  the 
head  of  Elbow  Creek.  It  was  constructed  in  1855,  but  with  a  some- 
what different  alignment  from  the  present.  The  freshets  of  1861-62 
so  changed  the  position  and  character  of  Kaweah  Biver  that  the  head 
of  the  ditch  had  to  be  carried  upstream.  It  is  difficult  to  determine 
whether  the  ditch  remained  in  continuous  use.  The  head  gate  was 
put  into  the  new  ditch  in  1875  and  was  set  somewhat  lower  than 
the  bed  of  the  river.    A  few  years  later  erosion  had  progressed  in 
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the  river  channel  to  such  extent  that  a  wing  dam  had  to  be  used  to 
divert  water  into  the  ditch.  The  ditch  has  a  northwesterly  course,  is 
about  6  miles  long,  6  feet  wide  on  the  bottom,  carries  water  about  1^ 
feet  deep,  and  has  a  grade  of  about  6  feet  to  the  mile.  It  irrigates 
between  200  and  300  acres,  of  which  nearly  one-half  is  alfalfa. 

Curtis  IHieh. — About  1879  there  was  a  small  ditch  in  use  occasionally 
for  the  irrigation  of  a  few  acres  of  alfalfa  on  the  north  side  of  St.  Johns 
Biver  about  a  mile  below  the  head  of  the  Matthew  Ditch.  It  was 
known  as  the  Curtis  Ditch,  and  has  fallen  into  disuse. 

Weston  IHtch. — Another  abandoned  small  ditch  which  was  in  use 
for  a  few  seasons  prior  to  1880  on  the  north  side  of  the  river,  about  a 
mile  above  the  head  of  the  Uphill  Ditch,  was  the  Weston  Ditch. 

UpMll  Ditch. — ^This  is  another  north-side  ditch.  Its  head  is  half  a 
mile  above  the  road  leading  northward  from  Yisalia.  Diversion  is 
made  from  the  river  without  the  use  of  any  permanent  weir.  The 
diverted  water  is  led  in  a  cut 
a  few  hundred  yards  north- 
westerly and  is  dropped  into 
a  natural  depression  or 
high- water  channel,  in  which 
it  continues  on  the  same 
course  half  a  mile.  Thence 
it  is  taken  in  the  ditch 
proper  northerly  about  3 
miles  to  the  place  of  use  in 
the  vicinity  of  Elbow  Creek. 
The  head  gate  is  8  fe^t  wide. 
It  is  in  the  form  of  a  box  cul- 
vert, and  bears  a  heavy  fill 
of  sand  on  top,  intended  to 

give  it  stability.  The  sand  deposits  in  the  cut  to  the  river  above  the 
head  gate  have  made  it  somewhat  expensive  to  keep  the  head  of  the 
ditch  open.  The  ditch  was  constructed  in  1871.  It  was  made  8  feet 
wide  on  the  bottom,  and  was  intended  to  carry  water  2  feet  deep.  Its 
fall  is  20  inches  to  the  mile. 

Settlers  Ditch, — ^This  is  a  canal  which  for  many  years  was  of  consid- 
erable importance  as  a  source  of  water  supply  for  lands  in  the  eastern 
part  of  the  Kings  Biver  delta.  The  canal  receives  water  through  a 
branch  of  Cross  Creek.  The  canal  regulator  is  on  the  north  side  of 
that  creek  3  miles  south  of  Traver.  The  creek  channel,  there  tapped 
by  the  canal,  is  really  the  extension  of  Cottonwood  and  Elbow  creeks, 
but  most  of  its  flow  comes  through  a  cut,  the  real  head  of  Settlers 
Ditch,  a  quarter  of  a  mile  long,  leading  from  the  main  channel  of  Cross 
Creek  to  its  northern  branch,  at  a  point  about  4  miles  above  the  Set- 
tlers Canal  head  gate.  Where  the  canal  is  finally  diverted  from  Cross 
Creek  a  light  timber  weir  or  waste  gate  has  been  placed  across  the 
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creek  channel.  The  canal  regulator  is  nearly  half  a  mile  below  the 
point  where  the  canal  leaves  the  natural  channel.  The  head  gate  is  32 
feet  wide.  It  has  eight  openiugs,  each  3  feet  0  inches  wide  in  the  clear. 
The  gates  closing  these  openings  are  provided  with  stems  to  which 
power  is  applied  by  means  of  levers. 

The  canal  proper  has  a  bed  width  at  and  near  its  head  of  32  feet,  and 
can  carry  water  2^  feet  deep.  It  has  9  inches  fall  to  the  mile,  and  a 
capacity  of  75  to  80  second-feet.  The  width  of  the  canal  is  reduced 
within  3  miles  of  its  head  gate  to  24  feet  on  the  bottom,  and  its  fall  to 
6  inches  to  the  mile.  Its  course  is  a  little  south  of  west  for  5  miles  to 
a  point  where  its  water  is  divided,  being  carried  thence  southerly  in 
two  channels,  of  which  the  easterly  branch  is  about  4^  miles  long,  and 
the  westerly  about  7  miles.  The  ditch  commands  a  territory  of  about 
8,000  acres,  of  which  as  much  as  5,000  acres  have  been  benefited  by  its 
water  in  a  single  season.  The  canal  construction  commenced  in  1874, 
and  considerable  land  was  irrigated  in  1876.  Water  was  available  only 
during  the  high  stages  of  Kaweah  Kiver. 

There  was  but  little  irrigation  with  water  from  this  canal  at  any  time 
to  the  east  of  the  Kings  Biver  delta  lands,  soils  being  too  alkaline  to 
encourage  cultivation.  The  extent  to  which  this  canal  is  now  in  use  is 
somewhat  problematical,  as  all  the  rights  to  water  which  it  was  sup- 
I)Osed  to  have  acquired  were  sold  to  the  Tulare  irrigation  district, 
which  has  made  a  diversion  from  the  St.  Johns  Biver  about  ou.e-half 
mile  below  Bocky  Ford.  The  canal  is  still  in  service,  and  does  not 
appear  to  have  suffered  great  diminution  in  its  supply  of  water  during 
the  high-water  stage  of  the  river.  The  Settlers  Ditch  Company,  which 
built  the  Settlers  Canal  at  a  first  cost  of  approximately  $35,000,  was 
incorporated  in  1874  with  a  capital  stock  of  910,000,  in  50  shares  of 
$200  each.  These  were  held,  at  the  time  of  the  sale  of  the  canal  water 
rights,  by  about  50  persons. 

All  expenses  of  construction,  repairs,  maintenance,  and  management 
have  been  met  by  assessing  the  stockholders.  Eiich  share  of  stock 
entitles  its  holder  to  a  proportional  part  of  the  water  in  the  canal. 
Water  is  apportioned  to  each  branch  and  to  each  distributing  canal  in 
proi>oi'tion  to  the  number  of  shares  for  which  each  draws  water.  No 
water  is  sold  by  the  canal  company,  nor  does  the  company  lease  any  of 
the  several  shares  which  have  reverted  to  it.  Each  stockholder,  how- 
ever, is  permitted  to  lease  his  water  to  other  persons,  and  can  have  it 
delivered  to  any  point  of  the  main  canal  or  its  branches  which  he 
selects.  Water  is  delivered  to  irrigators  through  gates  of  various 
forms,  generally  under  pressure.  Its  equitable  distribution  depends 
to  a  great  extent  on  the  judgment  of  the  superintendent.  Each  share 
of  water  is  supposed  to  be  sufficient  to  irrigate  IGO  acres.  The  cost 
of  water  to  the  irrigators  has  averaged  about  70  cents  per  acre  per 
annum. 

Lakeside  Ditch. — This  is  another  important  diversion  from  the  lower 
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portiou  of  Cross  Greek.  The  head  of  this  canal  is  4  miles  below  the 
head  gate  of  the  Settlers  Canal,  and  6  miles  west  from  Goshen.  The 
diversion  from  the  natural  creek  channel  is  accomplished,  as  in  the 
case  of  the  Settlers  Canal,  by  means  of  a  weir  or  waste  gate  placed  in 
the  creek  channel  below  the  head  of  the  canal,  and  a  regulator  or 
head  gate  in  the  latter  about  one-half  mile  below  its  head.  The  weir 
is  a  light  timber  structure  arranged  as  a  series  of  gates.  It  has  a  totfd 
width  of  41  feet.  Its  nine  openings  between  vertical  ];)osts  are  each  4 
feet  wide  in  the  clear.  The  canal  head  gate  has  a  width  of  31  feet. 
The  space  between  side  walls  is  divided  by  vertical  posts  into  six  open- 
ings, each  about  4^  feet  wide  in  the  clear.  These  openings  or  spaces 
between  posts  are  closed  with  vertically  sliding  gates,  to  the  stems  of 
which  power  is  applied  by  means  of  levers.  The  canal  has  a  south- 
westerly course  from 
its  head  for  about  3 
miles.  In  this  dis- 
tance it  has  a  bed 
width  of  30  feet  and  a 
fall  of  6  inches  to  the 
mile.  It  can  carry 
water  about  3  feet 
deep.  Its  branches 
extend  in  southerly 
and  southwesterly  di- 
rections to  the  vicinity 
of  Tulare  Lake.  The 
main  canal  and  prin- 
cipal branches  have 
an  aggregate  length 
of  about  50  miles  and 
command  about  20,000 
acres   of    land.    The 

cultures  on  at  least  as  much  as  one-half  of  this  area  may  be  considered 
to  have  been  benefited  by  irrigation  from  this  canal  in  a  single  season. 
The  canal  was  constructed  in  1874  and  the  years  immediately  following, 
at  a  total  first  cost  of  about  (35,000. 

The  canal  is  owned  by  the  Lakeside  Ditch  Company,  which  was 
incorporated  on  August  7,  1874,  with  a  capital  stock  of  |$10,000, 
divided  into  10,000  shares  of  $1  each.  On  February  20,  1875,  the 
capital  stock  was  increased  to  30,000  shares  of  $1  each.  These  shares 
were  owned  by  ninety-five  i)ersons  in  1885.  Each  share  of  stock 
entitles  its  holder  to  a  proportional  share  of  water  in  the  canal.  The 
canal  company  does  not  sell  or  rent  water,  not  even  on  the  few  shares 
of  stock  held  in  the  company's  name.  Each  stockholder  can  have  his 
water  delivered  at  any  point  of  any  branch  of  the  company's  canal 
system.    He  can,  if  he  desires,  rent  or  sell  his  water  for  one  or  more 
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seasons.  The  company  originally  intended  to  deliver  to  each  stock- 
holder the  water  to  which  he  was  entitled  at  some  i>oint  on  his  own 
land,  bat  this  system  of  delivery  was  found  to  be  inexpedient  and  was 
abandoned  in  1876.  The  distribution  of  water  is  in  charge  of  a  canal 
superintendent,  who  apportions  the  water  to  the  various  branches 
of  the  canal  and  has  control  of  its  delivery  to  the  irrigator.  The 
average  annual  cost  of  water  fi*om  this  canal  has  been  about  (1.55 
per  acre. 

Jennings  Ditch. — This  is  a  small  ditch  which  has  its  head  on  the 
south  side  of  St.  Johns  Biver  a  little  more  than  a  quarter  of  a  mile 
below  the  head  of  the  Lower  Wutchumna  Ditch,  and  sends  its 
branches  into  the  northern  portion  of  Yisalia  and  adjacent  territory. 
The  main  ditch  has  a  bed  width  of  10  feet.  The  diversion  of  water  is 
accomplished  by  means  of  a  light  wing  dam  of  sand  and  brush,  and 
the  flow  of  water  in  the  ditch  is  controlled  by  means  of  a  simple  regu- 
lator in  the  form  of  a  box,  10  feet  wide,  which  can  be  closed  with  loose 
flashboards.  Water  rights  of  an  old  date,  preceding  the  formation  of 
St.  Johns  River,  are  claimed  for  this  ditch,  whose  head  has  been 
shifted  back  and  forth  between  Mill  Greek  and  St.  Johns  Kiver. 

Rodgers  Ditch. — This  is  a  small  ditch,  about  4  feet  wide  on  the  bot- 
tom, which  supplies  water  to  a  few  acres  of  land  north  and  west  of 
Yisalia.    It  was  constructed  about  1875. 

Modoc  Canal. — ^This  canal  or  ditch  was  originally  intended  to  be 
made  a  distributary  for  the  Wutchumna  Canal  water.  It  was  con- 
structed in  1876.  Its  head  is  on  the  south  side  of  St.  Johns  Kiver, 
just  above  the  road  leading  northward  from  Yisalia.  Its  length  is 
about  4  miles,  the  course  being  a  little  south  of  west.  Its  bottom 
width  is  about  10  feet,  and  its  capacity  about  36  second-feet.  Owner- 
ship in  the  ditch  is  represented  by  shares  of  stock.  Water  is  distrib- 
uted to  stockholders  in  proportion  to  their  interests.  The  annual 
expense  of  maintenance  is  about  $100,  which  covers  the  construction 
of  an  inexpensive  wing  dam  at  the  head  of  the  ditch.  The  area  actu- 
ally irrigated  is  about  1,000  acres. 

Hicks  &  Weston  Ditch. — ^This  is  a  very  small  ditch  from  the  south 
side  of  St.  Johns'Biver,  about  200  yards  above  the  Modoc  Canal.  The 
ditch  is  4  to  5  feet  wide  on  the  bottom.  It  was  constructed  in  1879. 
It  receives  water  from  the  Wutchumna  Canal  in  addition  to  its  inde- 
pendent supply,  and  is  sometimes  called  the  Hicks  Branch  of  Wut- 
chumna Canal. 

Hayes  Upper  Ditch  {Ooshen  Ditch). — This  ditch  was  constructed  in 
1881  or  1882  to  supplement  an  older  small  ditch  which  was  constructed 
in  1874  for  the  irrigation  of  lands  near  Goshen,  theretofore  considered 
almost  worthless  on  account  of  the  abundance  of  alkaline  salts  in  the 
soil.  The  upper  ditch  has  its  head  on  the  south  side  of  St.  Johns 
Eiver  about  4  miles  northwest  of  Yisalia.  It  has  a  westerly  course 
and  is  about  4  miles  long.    Its  dimensions  are  irregular.    The  pro- 
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moters  of  this  enterprise  constructed  a  small  ditch  and  gave  it  an 
inexpensive^  poorly  protected  head  gate.  The  gate  was  carried  off  by 
the  first  freshet  and  the  ditch  was  rapidly  enlarged  by  erosion,  so  that 
it  became  a  canal  of  considerable  capacity.  The  second  regulator  put 
into  its  head  was  also  a  very  light  structure,  18  feet  wide.  Like  many 
of  the  structures  on  Kaweah  Biver,  it  was  arranged  as  a  box  culvert, 
the  entrance  to  which  was  divided  into  nine  openings  by  vertical  iK>sts. 
The  spaces  between  posts  could  be  closed  with  loose  flashboards.  This 
ditch  and  the  Lower  Hayes  Ditch  both  belong  to  the  same  owner,  who 
has  supplied  some  water  to  his  neighbors  at  agreed  rates  per  acre. 

Hayes  Lower  Ditch. — ^The  head  of  this  ditch  is  about  1^  miles  below 
the  head  of  the  Hayes  Upper  Ditch.  Its  course  is  a  little  south  of 
west  to  the  same  region  watered  by  the  Hayes  Upper  Ditch.  The 
ditch  is  about  4  miles  long  and  6  leet  wide.  Its  head  gate  has  a  width 
of  10  feet.  This  ditch  was  constructed  in  1874  by  settlers  near  Gk)shen, 
but  soon  fell  into  the  hands  of  the  promoters  of  the  Goshen  Canal 
enterprise. 

PogMes  Upper  Ditch. — This  is  the  uppermost  south-side  diversion 
from  £[aweah  Biver.  The  head  of  the  ditch  is  about  4  miles  above  the 
head  of  St.  Johns  Biver,  a  mile  above  the  hill  known  as  Limekiln 
Point.  The  ditch,  which  has  a  bed  width  of  about  6  feet,  skirts  the 
northern  and  western  base  of  Limekiln  Point  and  commands  several 
thousand  acres  of  fine  land  lying  between  projecting  spurs  of  the  foot- 
hills. The  ditch  was  constructed  in  1884.  Water  is  carried  in  a  flume 
for  some  distance  from  the  head  of  the  ditch.  This  ditch  now  serves 
the  citrus  orchards  at  Lemon  Gove,  which  have  been  set  out  within 
the  last  four  or  five  years  and  now  have  an  aggregate  area  of  about 
500  acres. 

Pogues  Lmoer  Ditch. — ^This  ditch  was  constructed  in  1875.  It  diverts 
water  from  the  south  side  of  Kaweah  Biver  just  below  Limekiln 
Point.  It  has  a  southwesterly  course,  a  bed  width  of  6  to  8  feet,  and 
passes  to  the  north  and  west  of  Wutchumna  HiU,  following  the  eastern 
border  of  the  main  valley  and  terminating  at  present  at  a  point  about 
3  miles  southeast  of  Exeter.  Its  total  length  is  about  15  miles,  and 
the  capacity  claimed  for  it  is  30  second-feet.  There  was  but  little  irri- 
gation from  this  ditch  at  the  time  the  second  Pogue  Ditch  was  con- 
structed, but  demand  for  water  is  rapidly  increasing.  The  water  is 
used  on  the  lands  set  out  to  citrus  fruits  at  and  near  Bonnie  Brae. 
The  area  of  citrus  fruits  now  set  out,  all  being  dependent  on  this  ditch 
for  water,  is  550  acres.  Purchasers  of  land  from  the  owners  of  this 
ditch  are  granted  the  right  to  call  for  water  at  the  rate  of  1  miner's 
inch  (about  one-fiftieth  of  a  second- foot)  to  5  acres.  The  charge  of  the 
water  is  8  cents  per  inch  x>er  twenty-four  hours.  The  lands  (including 
the  water  rights)  are  sold  at  $75  per  acre. 

Ogden  Ditch. — ^This  ditch  has  its  head  on  the  south  side  of  Kaweah 
Biver,  about  three-quarters  of  a  mile  below  the  head  of  Pogues  Lower 
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Ditch.  It  has  a  southwesterly  course,  closely  following  the  river,  and 
terminates  near  Cottage.  It  is  a  very  small  ditch,  about  4^  miles  long, 
and  supplies  water  to  a  few  acres  of  alfalfa.  It  is  said  to  be  one  of  the 
old  ditches,  the  date  of  its  construction  being  given  as  1862.  The  head 
of  the  ditch  was  not,  however,  always  maintained  at  the  same  place, 
this  having  been  impossible  on  account  of  the  changes  in  the  alignment 
and  character  of  the  river. 

Hamilton  Ditch, — ^This  is  another  small  private  ditch  on  the  south 
side  of  Kaweah  Eiver.  Its  head  is  about  a  mile  above  Cottage.  It 
has  a  southwesterly  course,  is  about  4  miles  long,  and  about  4  feet 
wide.  It  has  been  in  use  since  1854.  A  south-side  branch  of  the 
Hamilton  Ditch  is  sometimes  known  as  the  Dillon  Ditch. 

Consolidated  Peoples  Ditch, —  The  difficulties  experienced  by  irrigators 


Fio.  4.— Head  of  ConBolidatod  Peoples  Ditch. 

dependent  for  water  upon  tbe  flow  of  Deep  Creek,  Packwood  Creek, 
and  Visalia  Creek,  after  the  freshets  of  18G1-C2,  led  to  a  combination 
of  interests,  the  direct  result  of  which  was  the  construction  of  tbe 
Peoples  Ditch.  The  outlook  for  a  sufficient  supply  of  water  was  particu- 
larly bad  after  the  winter  of  1863-64,  in  which  there  was  an  unusnal 
deficiency  of  precipitation,  and,  as  a  result  of  a  conference  with  the 
owners  of  a  number  of  small  irrigation  ditches,  about  one  hundred 
interested  persons  assembled  late  in  February,  1864,  at  the  point  where 
Landers  Slough  leaves  the  river  and  commenced  work  on  the  Peoples 
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Ditch,  the  water  of  which  was  to  be  apportioned  to  a  namber  of  ditches 
which  before  made  independent  diversions.  The  principal  ditches  that 
then  became  dependent  upon  the  Peoples  Ditch  for  water  were  the 
Landers,  Lee  &  Thompson,  Swanson,  Turner,  Grubbs,  and  Bice  ditches. 
The  expense  of  the  canal  construction  was  apportioned  to  the  partici- 
pating fanners  according  to  relative  interests.  Most  of  them  con- 
tributed labor,  teams,  and  supplies.  The  ditch  at  its  head  was  made 
18  feet  wide  and  4  feet  deep  and  was  to  have  a  fall  of  about  3^  feet  to 
the  mile.  Work  progressed  rapidly  and  the  ditch  was  considered 
finished  by  June  1, 1864.  Its  estimated  cost  at  that  time  was  $11,000. 
But  owing  to  the  obstructed  condition  of  the  old  channel  of  Kaweah 
Biver  below  the  head  of  St.  Johns  Channel,  expectations  as  to  flow 
of  water  were  not  fully  realized,  and  upon  petition  the  water  commis- 
sioners of  Tulare  County  granted  the  ditch  company  a  franchise  to 
remove  obstructions  from  the  old  Kaweah  Biver  channel  and  to  enlarge 
it  where  necessary  to  a  width  of  20  feet.  Under  the  ^anchise  work 
was  done  on  the  old  river  channel  to  a  point  near  the  present  head  of 
St.  Johns  Biver,  about  4^  miles  above  the  present  head  of  the  ditch. 
The  river  channel  was  thus  kept  open  until  again  filled,  in  places,  with 
drift  and  silt  by  the  freshets  of  1867-68.  These  freshets  washed  out 
the  canal  head  gate  in  Landers  Slough  and  considerably  deepened  and 
enlarged  the  upper  section  of  the  canal.  During  the  period  interven- 
ing between  that  winter  and  1877,  when  the  making  of  the  Fowler 
Cut  resulted  in  the  practical  reestablishment  of  the  old  channel  of 
Kaweah  Biver,  water  reached  the  head  of  the  Peoples  Ditch  through 
a  number  of  high- water  channels  leading  in  a  southwesterly  direction 
from  the  upper  section  of  St.  Johns  Biver  through  Yisalia  Swamp. 
When  water  became  scarce  at  the  head  of  the  canal,  men  would  be 
sent  up  to  St.  Johns  Biver  to  increase  the  flow  toward  the  south  by 
throwing  obstructions  into  that  river  channel  or  by  opening  a  better 
passage  through  the  swamp.  There  has  been  a  satisfactory  supply  of 
water  to  the  head  of  the  Peoples  Ditch  ever  since  the  Fowler  Cut  was 
made. 

This  cut  was  made  by  Mr.  Samuel  Fowler  under  contract  with  the 
Kaweah  Canal  and  Irrigation  Company,  which  had  entered  into  an 
agreement  with  the  management  of  the  Peoples  Ditch  concerning  the 
apportionment  of  water.  The  agreement,  which  was  formally  executed 
on  December  21, 1878,  but  subsequently  set  aside  by  a  decision  of  the 
courts,  provided  for  a  joint  ownership  of  the  upper  ])ortion  of  the  Peo- 
ples Ditch  and  of  the  water  way  above  the  head  of  that  ditch  as 
improved  by  the  Kaweah  Canal  and  Irrigation  Company,  and  conceded 
to  the  Peoples  Ditch  the  right  at  all  times  to  as  much  water  as  will  flow 
in  a  ditch  50  feet  wide  and  2  feet  deep  on  a  grade  of  6  inches  to  the 
mile.  The  water  of  Kaweah  Biver  which  passes  the  head  of  St.  Johns 
Channel  separates  into  two  channels,  each  about  a  mile  long,  forming 
an  island  about  11  miles  above  Yisalia.    The  upper  portion  of  the 
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northernmost  of  tbese  channels  is  known  as  the  Hamilton  or  Yisalia 
Cut.  The  southernmost  is  Lander  Slough,  or  the  enlarged  channel 
of  the  Lander  Ditch.  It  is  the  upper  portion  of  Lander  Slough  which 
until  1896  carried  water  to  the  point  where  the  flow  was  brought  under 
flnal  control  for  the  Peoples  Ditch.  But  when  the  canal  regulator 
failed  Landers  Slough  was  closed  near  its  head  and  an  artificial  canal 
was  substituted  for  the  Landers  Sloagh  section  of  the  Peoples  Ditijh. 
A  box  inlet  20  feet  wide  and  10  feet  deep  is  maintained  in  the  head  of 
this  new  canal  section,  which  structure  seems  to  be  intended  more  as  a 
partitioner  of  the  flow  of  Kaweah  Eiver  than  as  a  regulating  gate  in 
the  ordinary  sense. 

The  Consolidated  Peoples  Ditch  has  a  southwesterly  course  from 
Landers  Slough  for  3  miles  to  the  point  where  its  water  was  separated 
from  that  of  the  Eaweah  Canal,  so  long  as  that  canal  was  in  service. 
The  main  canal  extends  from  that  point  about  1^  miles  farther,  to  a 
point  known  a«  Dillons  Mill,  where  some  of  its  water  is  in  use  to  supply 
power.  The  section  of  the  canal  next  below  Landers  Slough  follows 
the  original  alignment  of  the  Swanson  Ditch  for  about  three-fourths  of 
a  mile,  following  and  finally  crossing  the  almost  obliterated  channel 
of  Yokohl  Creek.  The  occasional  flow  of  this  creek  is  admitted  into 
the  canal,  and  surplus  waters  are  discharged  through  a  waste  gate 
into  Outside  Creek,  which  was  originally  a  continuation  of  the  Yokohl 
Creek  channel.  The  main  canal  is  of  somewhat  irregular  dimensions, 
much  of  it  haying  the  appearance  of  a  natural  channel.  Its  width 
is  generally  30  to  50  feet  and  its  capacity  probably  exceeds  400 
second-feet. 

The  consolidation  of  the  interests  of  the  several  small  ditches  and 
individual  irrigators,  as  already  explained,  led  finally  to  an  incorpora- 
tion of  their  organization.  This  was  efi'ected  in  1874,  and  the  corpo- 
ration received  tbe  name  of  tbe  Consolidated  Peoples  Ditch  Company. 
Its  capital  stock  was  fixed  at  $9,700,  in  97  shares  of  $100  each.  Canal 
exx)enBes  are  assessed  upon  stockholders.  Fo  water  is  sold  by  the 
canal  company.  At  the  time  of  constructing  the  canal  it  was  agreed 
that  each  person  interested  in  the  main  canal  should  contribute  toward 
construction  down  to  the  point  at  which  his  water  was  to  be  delivered 
into  a  branch  ditch.  All  branch  ditches  are  under  independent  man- 
agement. Water  is  distributed  to  the  various  branch  ditches,  under 
the  direction  of  the  president  of  the  company,  in  proportion  to  the 
number  of  shares  of  stock  for  which  water  is  to  be  delivered  to  each. 
The  apportionment  of  ^^ater  between  the  main  canal  and  a  branch  ditch 
is  accomplished  by  constructing  a  sill  or  floor  at  the  same  elevation  in 
each,  the  effective  width  of  canal  and  ditch  on  each  sill  being  made 
proportional  to  the  amoant  of  water  to  be  passed.  The  cost  of  con- 
structing and  maintaining  these  structures  falls  upon  the  canal  com- 
pany. The  area  of  land  actually  irrigated  in  a  single  season  with  water 
from  the  Peoples  Ditch  has  exceeded  5,000  acres.    The  total  exi>eAidi- 
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tme  on  the  main  canal  chargeable  to  the  construction  account  has  been 
about  (50,000. 

Swanson  Ditch. — This  is  a  branch  of  the  Peoples  Ditch,  receiving  its 
water  about  three-quarters  of  a  mile  below  the  point  where  the  latter 
leaves  Landers  Slough.  It  has  a  southwesterly  course  and  is  about  4 
miles  long.  It  is  reported  to  have  been  iu  use  as  an  independent  ditch 
as  early  as  1855.  While  the  supply  of  water  fi^m  the  Peoples  Ditch 
was  somewhat  unreliable — ^preceding  1878— irrigators  dependent  upon 
the  Swanson  Ditch  endeavored  to  keep  the  head  of  Packwood  Greek 
open,  but  with  iudifferent  success.  Since  that  time  the  ditch  is  to  be 
regarded  merely  as  a  branch  of  the  Peoples  Ditch. 

Lee  &  Thompson  Ditch. — ^This  was  a  second  old  ditch,  almost  parallel 
with  the  Swanson  for  some  distance.  Its  alignment  was  adopted  for 
the  Peoples  Ditch  for  a  considerable  distance,  and  only  the  lower  end 
of  the  original  ditch  remains  in  use  as  a  small  distributary  of  the 
Peoples  Ditch  water. 

Rice  Ditch. — This  is  another  small  ditch,  now  a  branch  of  the  Peo- 
ples Ditch,  which  was  in  use  before  the  latter  was  constructed.  Its 
course  is  southerly  from  a  point  near  the  lower  end  of  the  main  ditch. 
It  is  about  6  miles  long,  terminatiug  in  a  branch  of  Outside  Creek  used 
as  a  distributary  of  the  Peoples  Ditch  water  under  the  name  of  the 
Bliss  &  Hyde  Ditch,  and  it  commands  a  narrow  strip  of  land  lying  to 
the  east  of  Outside  Creek. 

Catron  and  Teague  ditches, — These  are  two  small  branches  of  the 
Peoples  Ditch,  both  of  which  receive  water  from  the  south  side  of 
the  latter  through  a  common  head  about  2  miles  below  Landers  Slough. 
Their  course  is  southerly.  The  former  is  about  3  miles  long,  the  latter 
about  4,  and  both  are  connected  at  their  lower  ends  with  the  Bice 
Ditch,  into  which  surplus  water  is  dropped. 

Bliss  &  Hyde  Ditch, — ^This  is  a  branch  of  the  Peoples  Ditch,  receiv- 
ing its  water  a  quarter  of  a  mile  below  the  head  of  the  Catron  and  the 
Teague  ditches.  At  that  point  a  short  cut  from  the  south  side  of  the 
Peoples  Ditch  drops  water  for  this  branch  into  a  natural  channel — 
the  eastern  branch  of  Outside  Creek — which  is  the  same  channel  used 
above  that  point  as  a  common  head  for  the  Catron  and  the  Teague 
ditches.  This  channel  has  a  course  a  little  west  of  south  for  about  12 
miles,  to  the  point  where  the  water  of  the  branch  ditch  is  used,  about 
6  miles  east  of  Tulare,  on  both  sides  of  Outside  Creek,  there  known  in 
part  as  Elk  Bayou.  Water  is  diverted  from  Outside  Creek  into  two 
irrigation  ditches,  one  upon  either  side,  each  of  which  has  a  length  of 
about  2  miles. 

Davis  J  Brown  J  And  Pennebaker  ditches, — These  are  three  short 
branches  of  the  Peoples  Ditch,  all  receiving  water  from  it  at  or  near 
the  termination  of  the  main  canal,  and  supplying  water  to  lands  near 
Farmersville. 

Extension  Ditch, — After  the  use  of  a  portion  of  the  water  of  the 
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Peoples  Ditch  for  power  at  Dillons  Mill,  which  la  at  the  termination 
of  the  main  canal,  it  flows  into  Outside  Creek.  The  creek  channel  is 
closed  with  an  overfall  dam  of  brush,  which  serves  as  a  waste  way  tor 
all  water  not  required  for  the  Extension  Ditch.  This  ditch  is  one  of 
the  principal  branches  of  the  Peoples  Ditch.  It  has  a  southwesterly 
course,  and,  with  its  branches,  commands  the  region  to  the  west  and 
northward  of  Farmersville.  It  was  built  by  the  farmers  whose  lands  it 
waters.  They  have  formed  a  corporation  known  as  the  Extension 
Ditch  Company,  whose  shares  of  stock  are  in  the  hands  of  thirty  or 
more  irrigators.  The  affairs  of  this  company  are  managed  entirely 
independent  of  the  Peoples  Ditch  Company,  which  merely  delivers  to 
it  the  water  which  its  stockholders  are  entitled  to  receive  from  the 
Peoples  Ditch. 
Kaweah  Canal. — ^The  enumeration  of  this  canal  is  merely  historical. 


Fio.  5.— Ditch  system  At  liead  of  Kawoab  Canal. 

It  is  one  of  the  canals  whose  successful  operation  was  greatly  interfered 
with  by  litigation.  The  canal  was  constructed  in  1877.  At  that  time 
the  Fowler  Cut  was  made  for  the  Eaweah  Canal  and  Irrigation  Com- 
pany, and  led  to  the  reestablishment  of  the  original  channel  of  Kaweah 
River,  or  of  a  new  channel  very  nearly  coincident  with  the  original  one 
in  position.  The  agreement  then  made  with  the  Consolidated  Peoples 
Ditch  Company  gave  the  new  company  a  right  to  use  the  upper  sec- 
tions of  the  Peoples  Ditch  for  several  miles,  and  below  that  point  a 
canal  was  excavated,  about  60  feet  wide  on  the  bottom  and  3  feet  deep, 
which  temporarily  dropped  its  water  into  Deep  Creek,  in  which  it 
flowed  to  within  a  few  miles  of  Tulare.  The  main  canal  was  soon  after- 
wards extended  across  Deep  Creek  in  a  general  southwesterly  direc- 
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tion,  passing  about  a  mile  to  the  west  of  Farmersvilley  antil,  at  a  point 
about  6  miles  to  the  northeast  of  Tnlare,  it  was  separated  into  two 
main  branches,  of  which  the  southerly  one  commanded  the  lands  in 
the  vicinity  of  Tulare,  including  the  colony  lands  toward  the  west. 
The  northerly  branch  was  extended  westerly  across  Oameron  Greek  to 
a  connection  with  the  Tulare  Canal,  and  has  irrigated  a  few  tractrof 
land  near  Tagus.  The  total  length  of  the  main  canal,  not  including 
the  Fowler  Gut  or  the  Peoples  Ditch,  to  where  it  separates  into  its  two 
principal  branches  is  about  10  miles.  Irrigation  from  this  canal  has 
probably  exceeded  4,000  acres.  The  canal  was  constructed  by  a  cor- 
poration known  as  the  Kaweah  Canal  and  Irrigation  Company,  which 
was  organized  in  1877  by  farmers  who  were  in  need  of  water  for  their 
lands  in  the  vicinity  of  Tulare.  The*  capital  stock  was  fixed  at  $50,000, 
in  500  shares.  The  expense  of  canal  construction  and  litigation  soon 
exceeded  this  sum  by  at  least  $10,000.  The  canal  always  held  its 
water  for  sale,  but  stockholders  were  entitled  to  receive  it  at  slightly 
reduced  rates.  All  expenses  in  excess  of  revenue  derived  from  the 
sale  of  water  were  api^ortioned  to  stockholders.  Water  was  not  sold 
by  measurement;  it  was  delivered  to  the  irrigators  from  the  several 
canal  branches  in  rotation,  and  was  paid  for  at  fixed  rates  per  acre 
actually  irrigated,  generally  $1  to  $2  per  acre.  The  right  of  tlie  canal 
to  receive  any  surplus  waters  from  the  Peoples  Ditch  was  disputed  in 
court  by  farmers  who,  as  riparian  owners  on  Outside  Creek,  demanded 
that  all  flow  in  the  Peoples  Ditch  in  excess  of  that  required  for  that 
ditch  should  be  wasted  into  channels  leading  into  Outside  Creek. 
Their  claim  having  been  sustained,  the  Kaweah  Canal  for  many  years 
received  water  only  by  sufferance  and  only  during  periods  when  the 
river  afforded  an  abundant  supply.  Its  water  was  no  longer  taken 
through  the  head  of  the  Peoples  Ditch,  but  a  cut  was  made  from 
Kaweah  Eiver  below  Deep  Creek  to  the  canal,  and  the  upper  half  mile 
of  Deep  Greek  itself  was  utilized  as  a  source  of  supply.  After  the 
organization  of  the  Tulare  irrigation  district  the  canal  was  sold  to  the 
district  for  $150,000,  payment  being  made  in  bonds,  but  with  the  pro- 
viso that  the  stockholders  of  the  Keweah  Canal  and  Irrigation  Com- 
pany should  be  preferred  takers  of  one- third  of  all  the  water  entering 
the  ui)X)er  section  of  the  canal,  at  the  agreed  price  of  $1.25  per  acre  per 
annum. 

Farmers  Carnal, — This  canal  has  its  head  on  the  east  side  of  Deep 
Greek,  about  2  miles  below  Farmersville.  It  has  a  southwesterly 
course,  commanding  several  thousand  acres  of  land  between  Elk  Bayou 
and  Deep  Creek  channels  within  0  miles  of  the  head  of  the  canal.  The 
bed  width  of  the  canal  for  several  miles  below  its  head  is  14  feet. 
The  head  gate  or  regulator  has  a  width  of  18  feet.  The  water  is  turned 
from  the  creek  into  the  head  of  the  canal  by  means  of  a  brush  dam. 
The  canal  was  constructed  in  1875  by  an  incorporated  company,  whose 
members  are  the  farmers  using  canal  water.    The  capital  stock  was 
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fixed  at  920,000,  in  shares  of  $100  each.  The  head  of  Deep  Creek, 
from  which  diversion  is  made  for  this  canal,  is  abont  8  miles,  in  a 
direct  line,  above  Yisalia,  on  the  south  side  of  Kaweah  Eiver.  No 
water  flows  into  Deep  Creek  from  the  river  during  its  low  stages. 
Water  is  generally  available  from  the  beginning  of  March  to  the  end 
of  June.  During  this  time  a  superintendent  is  employed  to  apxH)rtion 
the  water  to  holders  of  stock.  When  the  supply  of  water  is  limited  it 
is  used  in  turn  by  the  irrigators.  Each  stockholder  is  permitted  to  sell 
or  lease  the  water  to  which  he  is  entitled.  The  water  represented  by  a 
few  shares  of  stock  held  in  the  name  of  the  corporation  itself  is  also  sub- 
ject to  sale.  The  estimated  cost  of  canal  construction  and  expenses 
connected  therewith  is  about  $7,000  to  $8,000.    The  annual  assessment 

per  share  of  stock  for  canal  manage- 
ment and  maintenance  has  been  about 
$1.  The  structures  necessary  for  a  de- 
livery of  water  into  branch  ditches  are 
constructed  and  maintained  at  the 
expense  of  those  who  receive  water 
through  each. 

Tulare  Canal. — ^This  canal  was  con- 
structed for  the  irrigation  of  lands  in 
the  vicinity  of  Tagus  and  to  the  north- 
west of  Tulare.  Its  head  is  on  the 
south  side  of  Kaweah  Eiver,  about  mid- 
way between  the  head  of  Deep  Creek 
and  the  head  of  Packwood  Creek.  It 
has  a  southwesterly  course,  is  about  15 
miles  long,  and  has  a  bed  width  of  16  feet.  The  canal  passes  about 
2^  miles  to  the  south  of  Yisalia  and  a  mile  to  the  south  of  Tagus,  and 
terminates  at  the  main  canal  of  the  Eocky  Ford  Canal  Company.  The 
canal  was  constructed  in  1873.  The  farmers  interested  in  the  enter- 
prise formed  a  corporation  in  the  following  year,  known  as  the  Tulare 
Irrigating  Company,  whose  capital  stock  was  fixed  at  $40,000,  in 
shares  of  $100  each.  The  diversion  of  water  from  the  river  is  accom- 
plished by  means  of  a  dam  or  weir  of  brush,  and  the  inflow  into  the 
canal  is  controlled  by  a  regulator  or  head  gate  IG  feet  wide.  It  has 
been  claimed  that  the  Ketchum  Cut,  one  of  the  several  ditches  from 
St.  Johns  Eiver  southwesterly  to  Kaweah  Eiver  above  the  head  of 
the  Tulare  Canal,  has  been  utilized  by  the  Tulare  Irrigating  Com- 
pany to  accomplish  the  diversion  of  its  water  direct  from  St.  Johns 
Eiver,  but  it  has  not  been  possible  to  verify  this  claim,  or  to  ascer- 
tain whether  the  canal  company  has  any  proprietary  interest  in  the 
Ketchum  Cut. 

Before  1885  it  was  customary  to  apportion  the  flow  of  the  canal  to 
the  stockholders  in  the  corporation  in  proportion  to  their  respective 
interests,  but  the  holders  of  stock  who  were  not  ready  to  make  profitable 
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use  of  their  water  demaDded  a  change,  and  it  was  at  that  time  decided 
to  permit  each  stockholder  to  irrigate  free  of  cost  as  many  acres  as  he 
held  shares  of  stock,  and  to  charge  $1  per  acre  for  all  additional  areas. 

Rocky  Ford  Bitch. — This  ditch,  now  a  part  of  the  Tulare  irrigation 
district  canal  system,  takes  its  name  from  Eocky  Ford  on  St.  Johns 
Hiver,  because  half  a  mile  above  is  the  head  of  the  Eetchum  Gut, 
which  was  bought  by  the  Rocky  Ford  Canal  and  Irrigation  Company, 
and  was  supposed  to  deliver  water  for  the  canal  from  St.  Johns  Kiver 
into  the  Eaweah,  from  which  it  was  reclaimed  for  the  Rocky  Ford  Ditch 
at  the  head  of  Packwood  Creek.  The  head  of  Packwood  Creek,  which 
had  been  almost  obliterated  by  the  freshets  of  1861-C2  and  1867-68, 
was  reopened  by  this  canal  company  in  1876.  A  cut  9  feet  wide  and 
three-quarters  of  a  mile  long,  following  the  channel  of  Packwood 
Creek,  received  the  canal  water  from  Kaweah  River.  The  water  thus 
diverted  was  carried  southwesterly  in  Packwood  Creek,  and  in  its  south 
fork  about  2^  miles,  thence  south  in  a  ditch  three-quarters  of  a  mile  to 
another  natural  channel,  from  which,  a  half  mile  below,  it  was  dropped 
into  Cameron  Creek,  which  it  followed,  still  in  a  general  southwesterly 
direction,  to  a  point  about  a  mile  south  of  Tagus.  At  that  point  the 
water  was  taken  into  a  system  of  distributing  ditches  covering  4,000 
to  5,000  acres  of  land  to  the  southwest  of  Tagus,  between  Cameron  and 
Packwood  creeks.  About  $20,000  was  expended  on  this  work,  besides 
$3,000  in  litigation,  but  after  a  few  years  the  company  was  deprived  of 
the  use  of  the  Packwood  Creek  channel  by  an  order  of  court,  and  those 
dependent  upon  this  canal  found  themselves  without  water. 

Cameron  Creek  Company. — This  was  an  unincori)orated  organization 
of  farmers  which  may  be  considered  an  offspring  of  the  Rocky  Ford 
Ditch  Company.  The  purpose  of  the  organization  was  to  secure  water 
for  the  Rocky  Ford  Canal,  the  head  works  of  which  were  thrown  out  of 
service  by  orders  of  the  court.  There  was  ordinarily  a  surplus  flow 
of  water  m  the  spring  months,  which  reached  Cameron  Creek  by  way 
of  the  Deep  Creek  channels  and  the  Kaweah  and  Tulare  canals.  The 
water  thus  reaching  the  Rocky  Ford  Canal  from  Cameron  Creek  was 
distributed  to  irrigators  under  the  management  and  control  of  the 
Cameron  Creek  Company.  The  owners  or  lessees  of  stock  in  the  Rocky 
Ford  Canal  Company  were  the  preferred  purchasers  of  water,  but  if 
there  was  sufficient  available  it  was  also  sold  to  farmers  who  held  no 
stock.  The  apportionment  of  water  was  by  rotation  in  the  use  of  the 
flow  of  distributaries.  The  time  of  use  per  share  of  stock  was  reduced 
as  the  supply  decreased.  The  charge  for  water  was  at  the  rate  of  $1 
per  year  per  acre  irrigated.  The  necessity  for  operations  by  this  com- 
pany ceased  upon  the  completion  of  the  canal  system  of  the  Tulare 
irrigation  district. 

Bacon  dt  Cros^more  Canal  {Packwood  Creek  Canal), — When,  in  1875, 
it  became  necessary  to  improve  the  flow  of  Packwood  Creek  for  the 
supply  of  water  to  a  large  tract  of  land  6  to  9  miles  west  from  Tulare, 
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a  ditch  was  constructed  from  St.  Johns  River,  then  the  principal  chan- 
nel of  Kaweah  River,  commencing  about  a  hundred  yards  above  Becky 
Ford,  thence  southwesterly  about  4  miles,  passing  to  the  north  and 
westward  of  a  group  of  low  hills  known  as  the  Swamp  Angels,  to  a 
connection  with  the  old  channel  of  Kaweah  River.    Water  thus  turned 

into  this  channel  was 
allowed  to  flow  to  a 
point  in  Yisalia  Creek 
about  1^  miles  below 
the  head  of  Pack- 
wood  Greek  and  was 
there  diverted  into  a 
canal  about  1,000  feet 
long  leading  south- 
erly into  Packwood 
Greek.  These  two 
ditches,  or  canals, 
together  with  the  nat- 
ural channel  of  Pack- 
wood  Greek,  are 
known  as  the  Bacon  &  Grossmore  Ganal.  The  upper  portion  of  this 
canal  has  a  width  of  about  16  feet.  The  width  of  its  head  gate  or 
regulator  at  St.  Johns  River  is  40  feet.  The  cut  for  Yisalia  Greek 
into.  Packwood  is  about  30  feet  wide.  Its  flow  is  controlled  by  a  gate 
30  feet  in  width.  The  point  of  discharge  of  the  canal  from  St.  Johns 
River  into  the  Kaweah  is  Just  below  Goads  Dam  at  the  head  of  the 
Tulare  Ganal.  To  enable 
diversion  of  water  from 
YisaliaGreek  into  thechau- 
nel  of  Packwood  Greek  by 
way  of  the  Bacon  &  Gross- 
more  Gut,  a  brnsh  dam  is 
maintained  in  the  creek 
about  60  feet  below  the 
head  of  the  cut.  The  flow 
of  Pack  wook  Greek  as  thus 
established  is  first  checked 
at  a  point  about  4  miles 
west  of  Tagus,  where  dis- 
tributaries are  in  use  upon 
either    side  of   the  creek 

channel.  Several  other  diversions  are  made  some  miles  farther  down 
the  creek,  and  it  is  claimed  that  several  thousand  acres  of  land  are 
irrigated  by  this  ditch  system. 

Judd  Ditch. — ^This  ditch  was  in  use  but  a  short  time  subsequent  to 
the  freshets  of  1867-68.    An  organization  of  interested  farmers  known 


Fiu.  8. — ilead  of  Rm-ou  &  Croiisinore  Cat. 


OBUKSKT.]        KAWEAH   AND   MILL   CREEK   WATER   COMPANY.  31 


the  Jadd  Ditch  Company  at  that  tiu)e  endeavorecl  to  keep  the  head 
of  Packwood  Greek  open,  bat  owing  to  controversies  with  people  living 
near  Yisalia  on  Yisalia  Greek  the  attempt  was  soon  abandoned. 

Cutler  &  Higffins  Ditch  ( Chatten  Ditch). — ^This  is  a  small  ditch  between 
St.  Johns  Elver  and  Yisalia  Greek.  Its  head  is  on  the  north  side  of 
Kaweah  Eiver  jast  above  the  point  where  it  divides  into  the  two  chan- 
nels, Yisalia  Greek  and  Packwood  Greek.  It  has  a  westerly  course,  is 
aboat  2  miles  long,  3  to  G  feet  wide  on  the  bottom,  and  belongs  to  several 
farmers,  who  take  tarns  in  using  its  water  for  the  irrigation  of  a  few 
hundred  acres  of  alfalfa.    The  ditch  has  been  in  use  since  1857. 

Katceah  and  Mill  Creek  Water  Company, — This  corporation  was  organ- 
ized in  1S77  with  a  capital  stock  of  $10,000,  in  200  shares,  for  the  purpose 
of  harmonizing  and  protecting  conflicting  interests  by  maintaining  and 
controlling  the  flow  of  water  in  Mill  Greek  (Yisalia  Greek)  and  distribut- 
ing it  to  the  canals  and  ditches  entitled  to  receive  it.  Its  shaies  of  stock 
were  distributed  to  the  owners  of  the  various  canals  and  ditches  accord- 
ing to  their  relative  interests,  and  the  superintendent  of  this  company  is 
required  to  apportion  the  amount  of  water  available  to  each  ditch  and 
canal  in  proportion  to  the  number  of  shares  of  stock  for  which  water  is 
to  be  turned  into  each.  ^  decision  of  the  courts  favoring  the  riparian 
doctrine  has,  however,  made  it  difficult  for  ditch  owners  along  Mill 
Creek  below  Yisalia  to  reclaim*  their  water,  as  the  decision  interferes 
with  the  construction  of  dams  in  the  creek  channel  so  long  as  they  are 
objected  to  by  riparian  proprietors.  To  increase  the  flow  of  water  in 
Yisalia  Greek  it  was  found  necessary  to  open  the  head  of  Lane  Slough. 
This  had  been  done  before,  but  later  freshets  had  again  obstructed  its 
channel  near  St.  Johns  Biver.  The  Bostwick  Gut  was  the  result  of  the 
work  done  by  the  company  at  that  point.  This  is  a  canal  leading  south- 
erly from  St.  Johns  Biver,  about  a  mile  above  Bocky  Ford,  into  the  main 
channel  of  Lane  Slough.  Lane  Slough  was  one  of  the  several  natural 
channels  having  a  southwesterly  course  through  Yisalia  Swamp  from 
near  its  northern  margin  to  the  old  channel  of  Kaweah  Biver  above  the 
head  of  Yisalia  Greek.  It  is  claimed  that  this  slough  was  so  obstructed 
with  drift  and  silt  by  the  freshets  of  1861-62  that  for  reclamation  pur- 
poses it  was  necessary  once  before  to  open  it,  under  direction  of  State 
authorities,  with  money  s  irom  the  swamp-  land  fund.  The  water  company 
in  1878  also  caused  a  section  of  the  old  channel  of  Kaweah  Biver  just 
below  the  head  of  Landers  Slough  to  be  reopened.  The  work  there 
done  resulted  in  the  formation  of  the  Hamilton  Gut.  All  expenses  of 
management  incurred  by  the  Kaweah  and  Mill  Greek  Water  Gompany 
are  raised  by  assessments  levied  upon  the  stock.  The  principal  ditches 
dex>endent  upon  this  organization  for  their  water  supply  are  the  Oaks, 
Watson,  Burch,  Mill,  Bahwell,  and  Fulgham  ditches. 

Oaks  Ditch.— The  head  of  the  Oaks  Ditch  is  on  the  south  side  of 
Yisalia  Greek,  just  above  the  dam  maintained  below  the  head  of  the 
Bacon  &  Grossmore  Gut.    It  was  in  use  prior  to  the  organization  of 
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the  Kaweah  and  Mill  Greek  Water  Oompany,  from  wbich  it  now 
receives  its  water.  It  is  a  small  ditch,  flowing  several  miles  westerly 
between  Yisalia  and  Packwood  creeks,  and  supplies  water  to  seven  or 
eight  small  farms.  The  entire  flow  of  the  ditch  is  nsaally  divided  into 
two  irrigating  heads. 

Evans  Ditch, — This  ditch,  which  has  also  become  dependent  on  the 
Kaweah  and  Mill  Greek  Water  Gompany  for  its  supply  of  water,  has 
its  head  on  the  south  side  of  Yisalia  Greek  about  2  miles  above  Yisalia. 
Its  upper  section  serves  as  a  common  head  for  three  otherwise  indepen- 
dent ditches,  the  other  two  being  the  Burch  and  the  Watson  ditches. 
The  Evans  Ditch  is  entitled  to  one-half  of  the  water  entering  its  head, 
the  Watson  to  one-third,  and  the  Burch  to  one-sixth.  The  ditch  has  a 
southwesterly  course,  is  about  5  miles  long,  and  supplies  water  to  about 
500  acres  just  to  the  south  of  Yisalia.  Ownership  in  the  ditch  is  rep- 
resented by  shares  of  stock,  and  the  distribution  of  water  is  made  in 
proportio*^  to  the  number  of  shares  of  stock  owned  or  controlled  by 
each  irrigator.  Water  is  generally  available  for  ten  months  each  year, 
and  is  used  in  turn  by  the  irrigators. 

Evans  <&  Turner  Ditch. — ^This  is  a  diversion  from  the  west  side  of 
Packwood  Greek  about  2  miles  below  the  Bacon  &  Grossmore  Gut.  It 
has  a  westerly  course,  is  about  a  mile  long,  and  drops  its  water  into 
the  Evans  Ditch.  It  is  claimed  that  this  ditch  was  in  use  as  early  as 
1858,  but  if  so  it  was  out  of  service  for  manj  years  preceding  its 
reestablishment,  about  1884. 

Burch  Ditch. — This  is  another  small  ditch  to  which  water  is  sup- 
plied under  control  of  the  Kaweah  and  Mill  Greek  Water  Gompany. 
Although  the  ditch  was  in  use  before  the  organization  of  that  com- 
pany, and  then  received  water  direct  fh)m  Yisalia  Greek,  it  has  of  late 
years  been  supplied  with  water  through  the  head  of  the  Evans  Ditch. 
Its  water,  together  with  that  for  Watson  Ditch,  is  turned  out  of  the 
west  side  of  Evans  Ditch  one-half  mile  below  its  head.  It  flows  west- 
erly three-quarters  of  a  mile  in  a  channel  used  in  common  with  the 
Watson  Ditch,  and  thence  a  little  south  of  west  to  the  southwestern 
portion  of  Yisalia.  It  supplies  a  number  of  small  farms  southeast  of 
Yisalia.  The  head  of  the  ditch  was  originally  on  the  north  side  of  the 
creek  and  its  water  was  brought  to  the  south  side  in  a  flume. 

Watson  Ditch. — This  is  another  of  the  old  irrigation  ditches  in  whose 
interest  the  Kaweah  and  Mill  Greek  Water  Gompany  was  organized. 
This  ditch  was  constructed  in  1854,  before  water  was  used  by  the  mill 
in  Yisalia.  Its  head  was  on  the  south  side  of  the  creek  about  3  miles 
east  of  Yisalia,  and  its  water  was  used  near  Yisalia.  It  now  receives 
water  through  a  common  head  with  the  Evans  and  the  Burch  ditches, 
and  is  finally  separated  from  the  Burch  Ditch  water  about  a  mile  east 
of  Yisalia.  Ownership  in  this  ditch  is  represented  by  shares  of  stock, 
of  wbich  100  may  be  issued.  Between  60  and  70  are  in  the  hands  of 
fifteen  to  twenty  farmers,  who  use  its  water  mostly  on  small  farms  to 
the  south  and  southwest  of  Yisalia.    It  was  originally  intended  that 
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each  share  of  stock  sboald  represent  17.28  miner's  inches  of  water 
(about  one-third  second-foot),  and  the  original  price  per  share  was 
fixed  at  $5.  Stockholders  are  assessed  for  all  expenses  of  management 
aud  repairs.  A  saperiutendent  is  employed  only  when  necessary,  not 
when  water  is  abundant,  nor  when  there  is  none  at  all.  Shares  of 
stock  not  issued  are  not  entitled  to  water.  Holders  of  stock  may  sell 
or  lease  the  water  to  which  they  are  entitled.  When  the  flow  of  the 
ditch  is  small  it  is  given  to  the  irrigators  in  turn  for  eight  hours  per 
share  of  stock.  The  annual  expense  of  ditch  management  is  about  $5 
per  Hhare. 

Mill  Ditch. — ^This  is  not  an  irrigation  ditch,  but  it  has  rights  to  the 
uae  of  water  &om  Kaweah  Eiver,  w^hich  make  its  enumeration  among 
the  Kaweah  Biver  ditches  desirable.  Its  head  is  about  one-half  mile 
above  Yisalia,  on  the  south  side  of  Yisalia  Greek.  It  has  a  westerly 
coarse  into  the  town,  aud  drops  its  water  back  into  the  creek  at  the 
uiill.  It  has  been  in  use  since  1854,  at  which  time  a  brush  dam  was 
constructed  at  its  head  in  Visalia  Greek.  This  is  another  of  the 
ditches  in  whose  interest  the  Kaweah  and  Mill  Greek  Water  Gompany 
was  organized.  The  mill  owners  are  stockholders  in  this  corporation 
and  receive  the  same  consideration  accorded  t<o  irrigators. 

JBahtcell  and  Fulgham  ditches, — These  are  two  small  ditches  below 
Visalia,  which  were  included  among  those  for  whose  benefit  the  Kaweah 
and  Mill  Greek  Water  Gompany  was  formed.  They  and  a  number  of 
other  small  ditches  make  use  of  the  freshet  flow  of  Yisalia  Greek 
reaching  the  lower  sections  of  Mill  Greek,  as  well  as  of  the  water 
which  is  returned  to  the  creek  by  the  Mill  Ditch. 

Longs  Canal. — This  exists  in  name  only.  It  was  a  canal  or  reopened 
slough  constructed,  some  years  after  the  freshets  of  1861-62,  south- 
westerly through  the  upper  end  of  Yisalia  Swamp,  from  St.  Johns 
Kiver  to  Potter  Slough,  which  discharged  into  Kaweah  Kiver.  The 
first  work  done  there  was  nominally  for  reclamation  purposes — to 
facilitate  drainage  of  the  swamp.  The  canal  was  closed  by  the  drift 
and  silt  brought  down  by  the  freshets  of  1867-68,  and  was  again 
opened  at  the  expense  of  the  Kaweah  and  Mill  Greek  Water  Gompany. 

BosticicJc  Cut. — This  is  a  short  ditch  or  canal,  southv?  ester ly  from  St, 
Johns  Kiver  about  three-quarters  of  a  mile  above  liocky  Ford,  to  Lane 
Slough,  which  continues  in  a  southwesterly  direction  to  Kaweah  River. 
It  was  constructed  in  1863  or  1864,  for  drainage  purposes,  with  money 
from  the  swampland  funds.  There  seems  to  be  no  doubt,  however, 
that  it  would  not  have  been  constructed  had  it  not  been  desirable  to 
increase  the  flow  in  Yisalia  and  Packwood  creeks  for  irrigation  pur- 
poses. The  cut  was  filled  with  drift  and  silt  by  subsequent  freshets, 
and  was  again  opened  in  1876  by  the  same  parties  who  the  following 
year  organized  the  Kaweah  and  Mill  Greek  Water  Gompany.  It  is 
about  18  to  20  feet  wide  on  tlie  bottom  and  half  a  mile  long.  It  is  pro- 
vided with  a  head  gate  having  a  width  of  2li  feet. 
lEB  18 3 
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Ketchum  Cut — ^This  is  a  ditch,  about  8  feet  wide  on  the  bottom,  having 
its  head  on  the  south  side  of  St.  Johns  River  about  a  half  mile  above 
Bocky  Ford.  Its  course  is  thence  southwesterly,  skirting  the  eastern 
base  of  the  Swamp  Angels  to  Kaweah  Biver,  one-half  mile  above  the 
head  of  the  Tulare  Canal.  The  ditch  was  constructed,  probably  about 
1864,  with  money  from  the  State  swamp-land  funds,  ostensibly  for  drain- 
age purposes.  It  was  originally  carried  across  Kaweah  River.  The 
right  to  use  it  for  irrigation  purposes  has  been  claimed  by  the  Rocky 
Ford  Canal  Company,  and,  possibly,  also  by  the  Tulare  Irrigation  Com- 
pany. It  seems  to  have  been  in  use  principally  for  the  irrigation  of  a 
few  small  tracts  of  land  on  the  north  side  of  Kaweah  River.  Its  flow 
is  controlled  by  a  head  gate. 

Growley  &  MehrteTis  Ditch. — ^To  make  the  enumeration  of  the  old  irri* 
gation  works  complete  it  is  necessary  to  mention  the  Crowley  &  Mebr- 
tens  Ditch,  which  was  a  small  ditch  in  use  for  some  years  on  the  south 
side  of  Kaweah  Biver,  westward  from  Wutchumna  Hill.  The  head  of 
the  ditch  was  near  the  northwestern  base  of  this  hill.  There  is  noth- 
ing left  of  it  now  except  an  old  cut  in  rotten  granite  on  the  south  bank 
of  the  river,  just  below  where  St.  Johns  River  leaves  the  Kaweah. 

TULARE   IRRIGATION  DISTRICT. 

This  district  was  organized  in  September,  1889,  by  landowners  in  the 
vicinity  of  Tulare.  Those  dependent  upon  the  Rocky  Ford  Canal  and 
Cameron  Creek  for  their  irrigation  water  seem  to  have  been  the  prime 
movers  in  the  matter  of  district  organization.  The  lands  dependent 
upon  Packwood  Creek  (Bacon  &  Crossmore  Canal)  and  upon  the  Kaweah 
Canal  were  mostly  excluded  from  the  district.  The  district  has  an  area 
of  39,200  acres,  including  the  2,500  acres  in  the  town  site  of  Tulare. 
After  much  preliminary  work,  involving  the  examination  and  surveying 
of  a  number  of  feasible  canal  routes  and  reservoir  sites  for  water  stor- 
age, it  was  decided  to  purchase  the  water  rights  of  the  Settlers  Ditch. 
This  was  done  for  $100,000,  in  district  bonds,  through  an  agent,  who  at 
the  same  time  agreed  to  take  an  additional  block  of  district  bonds 
amounting  to  $50,000.  The  money  realized  from  this  bond  sale  was 
expended  in  constructing  a  canal,  60  feet  wide  on  the  bottom,  from  a 
I)oint  on  the  north  side  of  St.  Johns  River  about  one-half  mile  below 
Rocky  Ford  in  a  southwesterly  direction,  nearly  parallel  with  the  river, 
about  2J  miles,  to  the  southern  base  of  Iron  Mountain,  where  the  canal 
water  is  carried  across  St.  Johns  River  in  a  flume  9  feet  wide  and  4^ 
feet  deep,  which  is  supported  by  two  bridge  spans.  The  course  of  the 
canal  from  St.  Johns  River  is  a  little  west  of  south  to  Kaweah  River, 
which  is  crossed  in  a  similar  flume.  It  then  has  a  course  due  south  to 
a  junction  with  the  Kaweah  Canal.  Before  this  entire  canal  section 
was  completed  the  available  $45,000  had  been  expended  and  the  dis- 
trict was  still  without  water.  The  Kaweah  and  Rocky  Ford  canals 
were  purchased  for  $20,000.    Contracts  were  let  for  the  construction  of 
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lateral  canals  and  for  the  enlargement  and  completion  of  the  main  canal, 
work  being  practically  paid  for  in  bonds  which,  it  was  understood, 
went  to  the  contractor  through  a  nominal  purchaser.  Main  distributa- 
ries were  carried  through  the  district  from  northeast  to  southwest,  and 
smaller  ones,  generally  on  laud  lines  from  north  to  south,  completed 
the  canal  system.  The  aggregate  length  of  district  canals  is  said  to 
exceed  150  miles,  and  the  main  canal  capacity  is  given  at  800  second- 
feet.  It  should  also  be  said  that  the  completed  system  of  works 
involves  the  construction  of  a  storage  reservoir  at  Iron  Mountain,  to  be 
supplied  with  water  by  means  of  a  high- line  canal  with  head  some- 
where near  Dillons  Point.  The  reservoir  site  has  in  part  been  pur- 
chased. The  total  bond  issue  by  the  district  was  $500,000,  all  of 
which  has  been  disposed  of 

The  area  of  land  irrigated  in  the  district  has  been  rapidly  extended. 
It  is  said  that  from  5,500  to  30,000  acres,  principally  in  alfaJfa,  cereals, 
and  orchard,  have  actually  been  irrigated,  the  area  varying  within 
wide  limits,  according  to  amount  and  duration  of  the  water  supply. 
The  inflow  of  water  to  the  canal  is  controlled  by  means  of  three  head 
gates  or  regulators,  of  which  the  one  on  the  north  side  of  St.  Johns 
River  is  60  feet  wide,  and  each  of  the  others  25  feet.  They  are  all  of 
the  loose  flashboard  type,  the  several  openings  being  about  4  feet,  and 
the  drop  boards  being  supported  by  inclined  timbers.  A  canal  super- 
intendent has  general  charge  of  water  distribution,  and  he  is  assisted 
by  ditcb  tenders.  Water  is  generally  available  during  the  four  months 
April  to  June,  inclusive.  Operating  expenses  are  met  by  charging  for 
water,  the  charge  being  fixed  at  50  cents  to  $1  per  acre  for  the  first 
irrigation  and  half  price  for  subsequent  wettings.  The  charge  in  1897 
was  50  and  25  cents.  The  tax  to  meet  interest  on  bonds  and  cost  of  its 
collection  has  been  1.85  to  1.90  per  cent 

AVATER  SUPPLY,  SOILS,  AND   METHODS  OF  IRRIGATION. 

Prior  to  the  great  changes  in  channel  alignment  effected  by  the 
freshets  of  1861-62,  the  Kaweah  Eiver  waters  spread  at  high  stages 
over  what  was  known  as  Yisalia  Swamp^  which  commenced  at  Wutch- 
umna  Hill  and  extended  southwesterly  about  9  miles,  with  a  width  of 
1  to  3  miles.  The  spreading  waters  were  reunited  in  various  channels, 
as  already  explained,  in  and  below  this  swamp.  Channel  capacity  was 
inadequate  to  pass  flood  waters,  not  only  in  the  swamp,  but  also  below  it. 
It  was  inexpensive  to  divert  water  from  a  natural  channel,  or  even 
from  a  convenient  spot  in  the  swamp,  into  ditches,  and  the  use  of  water 
for  irrigation  commenced  soon  after  the  arrival  of  the  first  settlers.  A 
number  of  ditches  were  thus  in  use  when  the  regimen  of  the  river  was 
changed  by  the  freshets  above  mentioned,  and  entirely  new  works 
became  necessary  in  some  cases  to  keep  the  ditches  supplied  with 
water.  It  was  some  time  before  the  magnitude  of  the  changes  in  the 
river  alignment  and  their  ultimate  effects  were  fully  realized,  and  final 
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relief  to  those  dependent  upon  the  more  southerly  channels  for  water 
did  not  come  until  the  old  channel  of  Kaweah  River  was  reopened  as 
the  Fowler  Cut  in  1877.  Meanwhile  there  had  been  a  continaally 
increasing  demand  upon  the  several  river  channels  for  water,  and 
almost  every  season  at  the  close  of  the  river's  high  stage  there  waa 
contention  and  strife  concerning  the  apportionment  of  the  low-water 
flow  to  the  different  sections  of  Kaweah  delta.  Farmers  who  had  set- 
tled on  Canoe  Creek,  Elbow  Creek,  and  Cross  Creek  had  become  accus- 
tomed to  regard  St.  Johns  Channel  as  the  principal  arm  of  the  river, 
and  dams  for  its  diversion  southward  into  and  across  Visalia  Swamp 
were  not  tolerated  without  protest.  When  the  low-water  flow  was 
Anally  restored  to  the  old  channel  numerous  attempts  were  made  to 
force  it  back  into  St.  Johns  River,  and  amicable  adjustment  seemed 
out  of  the  question.  To  avoid  the  possibility  of  having  a  permanent 
change  made  at  the  head  of  St.  Johns  River,  land  was  there  acquired 
by  the  principal  south-side  ditch  companies.  A  brush  dam  was  then 
tolerated  in  the  Kaweah  River  channel,  which  effected  a  division  of 
the  flow  at  comparatively  low  stages,  but  the  exact  basis  of  water 
ap[)ortionment,  if  any  had  ever  been  agreed  upon,  is  not  known  to  the 
writer.  After  many  years  of  individual  effort  some  of  the  settlers 
were  forced  into  cooperative  measures,  as  already  explained,  with  some 
degree  of  success.  Had  there  been  gn»ater  obstacles  to  overcome  in 
securing  control  of  water  in  the  first  instance,  the  development  of  irri- 
gation might  have  been  less  rapid,  but  would  probably  have  been  ulti- 
mately effected  with  less  friction. 

The  ditches  and  canals  constructed  for  the  reclamation  of  Visalia 
Swamp,  as  already  referred  to,  were  hardly  necessary  as  drain  ways, 
because  the'increased  cai)acity  given  the  river  channels  by  the  freshets 
of  18(;i-()2  had  greatly  improved  drainage,  and  they  have  in  a  measure 
become  features  of  the  irrigation  system  of  this  river. 

The  surface  of  the  country  watered  by  the  many  delta  channels  of 
Kaweah  River  has  a  slope  from  east  to  west  of  about  6  to  7  feet  to  the 
mile.  The  portion  of  it  near  Visalia  and  thence  southwest  to  Tulare, 
which  is  generally  known  as  the  Four  Creek  country,  is  covered,  in 
some  places  very  densely,  with  a  growth  of  majestic  oaks.  The  soil 
in  the  upper  i>ortion  of  Visalia  delta  is  a  rich  alluvial  loam,  generally 
sandy,  sometimes  heavy.  Near  the  river  the  soil  is  deep,  resting  on 
sands  or  gravel.  At  the  base  of  and  between  the  outlying  hills  on  each 
side  of  the  river  the  predominating  soil  variety  is  a  black  loam  or  dry 
bog,  containing  much  clay,  sometimes  gravel,  and  merges  into  the  heavy 
red  soil  of  the  upper  or  eastern  border  of  the  valley  plain.  Under  the 
soil  of  this  plain  a  hardpan  layer  several  feet  thick  is  nearly  every- 
where found  at  depths  of  from  1  to  5  feet.  Northward  from  Kaweah 
River  this  valley  i)lain  extends  in  a  broad  belt  along  the  foothill  base. 
The  soil  of  this  belt  is  of  the  usual  heav.y  red  variety,  containing 
some  grav(*l.  Its  surface  is  very  generally  besprinkled  with  the  low 
mounds  usually  known  in  the  West  as  hog-wallows.    The  ground  water 
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of  tliis  north-side  district  is  from  8  to  30  feet  below  tlic  Rurface,  depth 
iucreasing  northward  from  the  river  and  eastward  toward  the  foothills. 
Westward  from  this  high  east-side  plain^  and  still  northward  from  the 
river-delta  lands,  the  soil  becomes  shallower  and  alkaline  salts  abound 
in  its  surface  layers.  In  the  Mill  Creek  country,  4  or  5  miles  westward 
from  Yisalia,  the  hardpan  of  the  higher  plain  disappears,  but  the  alka- 
line salts  remain  present  in  undesirable  quantity. 

The  soils  of  the  entire  delta  are  generally  sandy  loams,  chocolate 
colored,  deep  and  strong,  without  the  sublayers  of  hardpan  that  are 
characteristic  of  the  plains.  Ground  water  in  the  Kaweah  (or  Visalia) 
delta  is  usually  at  8  to  12  feet  below  the  surfsice.  !Near  Tulare  and 
westward  from  that  town  the  soil  is  darker  than  in  other  portions  of 
the  delta.  The  surface  of  the  soil  throughout  the  delta  is  smooth  and 
entirely  free  from  the  hog- wallows  of  the  adjacent  main  valley  uplands. 

Intermediate  between  the  Sierra  ]^^evada  foothills  and  Outside  Creek, 
and  southward  from  Kaweah  Eiver,  is  another  belt  of  country,  3  to  10 
miles  wide,  extending  far  southward  toward  Tule  River  and  embracing 
many  acres  of  excellent,  rather  heavy  soil. 

The  light  average  annual  rainfall  in  the  Kaweah  delta,  only  about  9 
inches,  the  abundance  of  natural  water  courses,  and  the  ease  with 
which  water  can  be  diverted  into  ditches  and  kept  under  control,  are 
circumstances  which  have  combined  to  stimulate  ditch  and  canal  con- 
struction in  this  section  of  the  State,  but  not  for  speculative  purposes. 
The  irrigation  works  are  almost  all  owned  by  the  farmers  who  need  the 
water.  There  are  but  few  irrigators  who  do  not  own  stock  in  some 
ditch  company.  All  irrigation  canals  in  the  delta  have  been  carried  in 
the  most  direct  lines  from  source  of  water  to  place  of  use.  They  are 
almost  invariably  located  on  lines  parallel  with  the  main  drainage  lines 
of  the  country. 

The  lands  watered  by  Kaweah  Biver  are  utilized  for  diversified 
farming.  The  natural  growth  of  trees  and  grasses  has  always  been 
luxuriant  to  the  limit  of  the  overilow  from  the  delta  channels,  and  the 
construction  of  canals  and  ditches  has  greatly  increased  the  wet  area. 
Large  areas  are  in  use  as  natural  pastures,  particularly  to  the  east  and 
north  of  Yisalia.  Wheat  still  remains  the  staple  farm  product,  but 
considerable  areas  have  been  planted  to  alfalfa,  while  the  orchard  and 
vineyard  and  the  occasional  truck  patch  give  evidence  of  the  rapid 
movement  toward  a  more  intense  cultivation  of  the  soil. 

The  aggregate  capacity  of  the  canals,  ditches,  and  water  courses 
whose  flow  is  under  the  control  of  diteh  companies  will  probably  exceed 
2,000  second-feet.  There  are  fortunately  many  years  in  which  for 
months  at  a  time,  and  just  when  water  is  most  needed,  the  flow  of  the 
river  is  in  excess  of  this  amount.  It  is  diflicult  to  approximate  the 
area  irrigated  or  benefited  with  water  from  Kaweah  lliver,  because  in 
many  instances  water  is  not  actually  applied  to  the  surface  of  the  land, 
but  reaches  the  soil  indirectly  through  seepage.  Tliere  is  no  way  of 
collecting  even  imperfect  statistics,  however,  except  at  great  labor  in 
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the  field,  so  that  when  it  is  stated  that  aboat  50,000  acres  are  actually 
irrigated  and  an  additional  40,000  acres  are  more  or  less  directly  bene- 
fited with  water  from  this  river,  too  great  reliance  should  not  be 
placed  upon  the  statement. 

There  are  very  few  structures  of  any  kind  in  the  main  canals,  and 
but  few  are  required  to  regulate  the  grade.  Erosion  is  not  undesira- 
ble, as  the  canals  are  generally  long  and  water  is  taken  from  each  at 
comparatively  few  points^  hence  the  increased  cost  of  providing  weirs 
at  xK>int8  where  water  is  to  be  diverted  is  more  than  ofTset  by  the 
incre-ased  capacity  resulting  from  erosion. 

All  structures  for  the  diversion  of  water,  except  dams  at  the  heads 
of  canals,  are  timber  structures;  none  are  of  brick  or  stone.  Dams 
across  natural  water  courses  are  generally  constructed  of  brush  or 
gravel,  and  require  some  annual  repairs.  Ko  extended  observations 
have  been  made  in  this  soction  to  determine  the  loss  of  water  from 
canals  in  transit  to  the  lands  irrigated ;  and  it  is  to  be  remembered  in 
this  connection  that  not  all  water  sinking  into  the  ground  from  natural 
or  artificial  water  courses  is  considered  lost,  because  it  is  this  very  loss 
which  fixes  the  elevation  of  the  plane  of  subsurface  or  ground  water, 
and  the  position  of  this  ground- water  plane  often  has  a  direct  bearing 
on  soil  productiveness.  Throughout  a  large  part  of  the  Yisalia  dis- 
trict ground  water  is  within  reach  of  the  roots  of  trees,  alfalfa,  and 
other  plants,  being  kept  there  by  the  water  which  sinks  from  natural 
and  artificial  channels  in  transit  to  lands  irrigated  and  by  the  water 
which  sinks  into  the  ground  on  irrigated  lands. 

The  method  of  applying  water  to  the  lands  to  be  irrigated  is  gener- 
ally by  flooding,  in  small  compartments  or  checks.  These  are  adapted 
to  the  irregularities  of  the  surface,  being  made  rectangular  when  the 
surface  is  sufficiently  level  and  smooth  to  permit  of  this  arrangement. 
Crops  cultivated  in  rows,  such  as  beans,  potatoes,  and  corn,  also 
orchards  and  vineyards,  are  generally  irrigated  by  running  water  in 
small  ditches  or  fuiTows  between  rows.  In  the  case  of  these  products 
the  soil  is  plowed  or  cultivated  as  soon  afber  irrigation  as  practicable. 

Here,  as  elsewhere  in  San  Joaquin  Valley,  alfalfa  is  irrigated  after 
each  cutting  (about  every  five  or  six  weeks)  so  long  as  water  is  avail- 
able. .  Orchards  and  vineyards  receive  water  frequently  during  the 
spring  months,  and  also  in  the  summer  if  water  holds  out.  Corn  is 
irrigated  once  or  twice,  according  to  the  condition  of  the  ground  at  the 
time  of  planting.  Grain  is  rarely  irrigated;  vegetables,  very  copiously 
and  frequently. 

No  attention  has  as  yet  been  paid  to  soil  drainage.  The  many  com- 
paratively deep  natural  channels  in  the  delta  have  kept  ground  water 
so  far  below  the  surface  that  the  area  in  need  of  drainage  is  relatively 
small.  As  irrigation  systems  are  further  expanded  throughout  the 
delta  it  may  be  that  subsurface  soils  will  receive  water  more  rai)idly 
than  it  can  pass  off  ftom  them,  and  In  such  case  improved  drainage 
systems  will  become  a  necessity. 
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KINGS  RIVER. 
HYDROGRAPHY. 

The  drainage  basin  of  Kings  River  above  the  eastern  margin  of  San 
Joaquin  Valley  has  an  area  of  1,742  sqnare  miles.  The  river's  water- 
shed extends  to  the  main  summit  of  the  Sierra  Nevada.  Less  than 
half  of  it  is  to  be  classed  as  low  mountainous,  all  the  rest  being  high 
mountaiuons  country.  The  snowfall  of  the  winter  melts  but  slowly 
during  the  spring  months,  consequeutly  the  river  reaches  its  ordinary 
high  x>6riod  late  in  spring  or  early  in  summer.  The  river  is  generally 
low  from  September  to  the  end  of  January;  it  is  at  a  medium  stage 
during  February,  March,  and  August,  and  is  high  from  the  beginning 
of  April  to  the  close  of  July.  The  month  of  least  flow  during  the  six 
years  1878-1884  was  November,^  the  average  mean  flow  having  been 
313  second-feet,  and  the  least  flow  for  a  single  month  220  second-feet. 
The  extreme  low-water  flow  of  the  river  has,  no  doubt,  been  somewhat 
below  the  least  monthly  mean.  At  medium  stages  the  river  carries 
1,000  to  2,000  second-feet  of  water;  during  its  high  stages  its  monthly 
mean  ranges  from  4,000  to  over  8,000  second-feet.  The  maximum  flow 
of  the  river  during  the  six  years  above  named  occurred  in  June,  1884, 
the  extreme  limit  having  been  about  30,(H)0  second-feet. 

A  gaging  station  was  established  on  this  river  September  3, 1895,  by 
the  United  States  Greological  Survey.  It  is  located  about  15  miles  east 
of  Sanger,  3  miles  below  Jarrett  Ranch,  and  southwest  of  a  hill  well 
named  Red  Mountain.  The  station  is  equipped  with  a  steel  cable,  car, 
and  tagged  wire.' 

The  results  of  these  measurements  show  for  the  year  1896  a  maxi- 
mum discharge,  which  occurred  in  May,  of  22,100  second-feet,  and  a 
minimum  discharge,  occurring  in  October,  of  310  second-feet.  The 
average  discharge  for  that  year  was  2,582  second-feet.  Similar  figures 
for  1897  are  as  follows:  Maximum  discharge,  22,730  second-feet,  occur- 
ring in  May;  minimum  discharge,  250  second-feet,  in  September,  with 
an  average  discharge  for  the  year  of  2,933  second-feet. 

The  Southern  Pacific  Railway  Company  has  maintained  gage-height 
readings  at  their  bridge  on  the  lower  Kings  River  1  mile  from  Kings- 
burg  since  1879.  The  Geological  Survey  has  taken  a  number  of  dis- 
charge measurements  at  this  point,  but  owing  to  the  shifting  character 
of  the  stream  it  has  been  found  impossible  to  construct  rating  tables 
for  same.^ 


» See  Physical  Date  and  SUtlstioa,  Wm.  Ham.  Hall,  Steto  Engineer  of  California,  pp.  452, 476. 

»  Baa  U.  &  G«>1.  Surrey  No.  140, 18M,  p.  286;  Eighteenth  Ann.  Kept.,  Part  IV,  1807,  p.  390 ;  Water- 
Supply  and  Irrigation  Paper  No.  11, 18»7,  p.  92;  Water-Sapply  and  Irrigation  Paper  No.  16, 1898,  p.  191. 

•Twelfth  Ann.  Kept.  U.8.Geol.  Survey,  Part  11,1831.  p.  320.  PI.  LXXXII;  Bulletin  No.  131,  1895, 
p. 80,  Balletin  No.  140, 1896, p. 284 ;  Eighteenth  Ann.  Kept., Part  IV,  1897,  p. 393;  WaterSupply  and 
Irrigatiou  Paper  No.  11, 1897,  p.  920;  Water-Sapply  and  Irrigation  Paper  No.  16. 1898,  p.  192. 
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Estimated  monthly  discharge  of  Kings  River  at  Bed  Mountain,  California, 

[Drainage  area,  1,742  square  miles.] 


Month. 


1896. 
Jaiinary  ... 
February  .. 

March 

April 

May 

June 

Jnly 

August 

September  . 

October 

November . . 
December  . . 


Discharge  (iu  second* feet). 


Maximum. 


11,020 

1,140 

7,020 

4,600 

22,100 

18, 920 

6,680 

1,212 

590 

510 

1,076 

550 


Minimum. 


The  year. 


1897. 
January  ... 
February  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

November.. 
December.. 


22,100 


624 

6,344 

4,408 

9,380 

22, 732 

10,1580 

4,040 

1,100 

480 

572 

2,520 

8,348 


The  year.. 


22, 732 


390 

728 

820  I 

820  I 

1,140 

5,160 

1,212 

590 

390 

310 

390 

470 


360 

1,100 

1,240 

1,930 

6,344 

2,520 

1,036 

440  i 

250  I 

270 

360 

572 


Mean. 


310  2, 582 


250  I        2,933 


Total 
(in  acre-feet). 


1,474  ,' 

825 

1,710 

1,938 

5,918 

12, 737 

3,742 

?95 

491 

350 

538 

4G6 


437 

1,631 

1,884 

5,318 

14, 470 

6,145 

2.177 

739 

329 

394 

692 

985 


90,682 

47, 477 

105, 181 

115, 349 

363,890 

757, 922 

230, 110 

48,938 

29,234 

21, 520 

32,043 

28,659 

1, 871, 005 


26,870 

90,581 

115, 843 

316, 442 

889,731 

365,652 

133,859 

45, 440 

19, 577 

24,226 

41, 177 

60,566 

2, 129, 964 


Ruu-off. 


Depth 
(in  inches). 


20.11 


22.47 


Second -feet 

per  square 
mile. 


0.98 

.51 

1.13 

1.24 

3.90 

8.15 

2.48 

.52 

.31 

.23 

.35 

.31 


0.29 

.96 

1.22 

3.33 

9.40 

3.87 

1.41 

.47 

.20  ' 

.25 

.44 

.63 


0.85 

.47 

.98 

1.11 

3.40 

7.31 

2.15 

.45 

.28 

.20 

.31 

.27 


1.48 


0.25 

.92 

1.06 

2.99 

8.15 

3.45 

1.22 

.42 

.18 

.22 

.39 

.55 


1.65 


Kings  Eiver  enters  San  Joatiuin  Valley  from  the  east  about  20  miles 
east  of  Fresno.  Before  reaching  Centerville  Bottoms  the  river  flows 
in  a  broad  bed  of  cobbles  from  which  the  hills  rise  quite  abruptly 
toward  the  north  and  toward  the  south.  The  hills  retreat  from  the  river 
somewhat  at  the  upper  end  of  Centerville  Bottoms,  forming  a  wedge- 
shai)ed  valley  that  opens  into  the  main  San  Joaquin  Valley  about  4 
miles  farther  west,  at  Centerville.  The  northern  portion  of  this  Kings 
River  spur  of  San  Joaquin  Valley  may  be  regarded  as  a  second  or  upper 
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bottom;  tlie  soutberu  portion,  lyinff  at  a  lower  level,  is  the  n])pei 
divisiou  of  CentervUle  Bottoms.  The^e  bottom  IuqcIs,  whicli  Lave  a 
leugtk  of  about  9  miles,  are  depressed  below  the  general  surface  of  tbe 
San  Joaquin  Valley  plain,  beiug  about  10  feet  lower  than  tbe  suine  at 
their  upper  limit  and  about  60  feet  below  the  same  at  the  Narrows, 
where  the  main  valley  plain  drops  in  abrupt  bluffs  to  the  banks  of  the 
river  as  it  emerges  from  tliesc  bottoms  at  their  sontheastern  extremity. 
From  this  point  southward  for  about  12  miles  the  surface  of  the  main 
valley  has  greater  fall  than  the  river,  gradually  approaching  its  level, 
and  near  Kingsborg  the  bluffs  upon  either  side  of  the  river  entirely  dis- 
appear. It  is  here  that  the  Kings  River  delta  begins. 
Through  Genterville  Bottoms  the  river  flows  in  numerous  chanuelB, 
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the  main  stream  having  a  length  of  about  14  miles  and  a  total  fall  in 
that  distance  of  about  120  feet.  The  beds  of  these  streams  are  for  tbe 
most  part  formed  of  deposits  of  cobbles,  gravel,  and  sand.  Channel 
banks  are  rarely  high  or  weli  defined.  Below  the  Narrows  the  fall  of 
the  river  is  only  2  feet  to  the  mile,  which  ia  maintained  with  reasonable 
uniformity  to  the  outfall  of  the  main  channel  into  Tulare  Lake. 

From  the  head  of  Cole  Slongh,  2  miles  south  from  Kingsburg,  tbe  main 
channel  of  Kings  River  has  a  southwesterly  course  for  a  distance  of  35 
miles  to  the  trough  of  San  Joaqnin  Valley;  its  coarse  thence  is  soath 
about  11  miles  to  Tulare  Lake. 

Cole  Slough,  the  uppermost  arm  of  the  river  thrown  off  toward  the 
north,  has  a  course  nearly  parallel  with  the  main  channel  of  tbe  river 
for  some  miles,  then  flows  northwesterly  and,  together  with  other  delta 
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channels,  delivers  its  water  into  Fresno  Swamp,  throngb  which  it  flows 
into  San  Joaquio  Biver.  Kings  River  has  but  a  single  tribatarybelov 
the  point  where  it  enters  San  Joaqnin  Valley.  This  is  Wabtoke  Greek, 
a  small  foothill  stream  which  reuches  the  river  from  the  east  at  the 
^Narrows.  Owing  to  scant  rainfall,  there  is  bnt  little  run-off  from  the 
lands  of  the  plains,  and  this  is,  as  a  rule,  awaj'  from  the  main  stream 
{md  not  toward  it. 

Canals  and  ditches  from  this  river  are  to  be  divided  into  two  prin<d- 
pal  groups,  of  which  one  embraces  those  which  leave  the  river  at  the 
upper  end  of  Centerville  Bottoms  and  the  other  those  of  tbedelta.    For 
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coDveoieDce  these  groups  may  be  again  subdivided  according  to  location 
of  tracts  irrigated,  and  will  be  treated  under  appropriate  sabheadings. 

CANALS  AND  DITCHES. 

Kings  River  <£  Fresno  Caiml. — This  is  the  npper  nortb-side  canal 
from  Kings  Biver.  Its  bead  is  5J  miles  above  Centerville.  The  canal 
receives  water  throagh  the  head  of  a  natural  channel  or  arm  of  the 
river  which  has  a  position  at  the  base  of  the  low  north-side  slope  that 
rises  ttom  the  border  of  the  river  bottoms.  Within  a  mile  of  its  head 
the  canal  is  carried  in  a  cnt  northwestward  out  npon  the  surface  of  the 
second  bottom,  and  a  half  mile  beyond  its  water  is  dropped  into  a 
small  natural  channel  known  as  Burns  Slough.  After  flowing  in  this 
southwesterly  for  a  mile,  the  water  is  carried  westward  in  a  cnt  less 
than  one-half  mile  in  length  to  Kip  Slough,  from  which  it  is  again 
reclaimed  1  j  miles  below.  The  course  of  the  canal,  now  iu  an  artificial 
channel,  is  tbence  westerly  across  Fanshaw,  Bed  Bank,  and  Frolic 
creeks  into  the  Dry  Creek  district  northeastward  fi-om  Fresno. 

The  cut  from  Centerville  Channel  of  Kings  Kiver  to  Burns  Slough 
has  a  bed  width  of  about  30  feet.  Below  that  point  the  caual  width  is 
quite  irregular,  ranging  from  about  15  to  24  feet.  The  flumes  over 
creeks  are  16  feet  wide,  with  sides  3  feet  high.  The  lougest  one  is  that 
across  Bed  Bank  Creek,  which  has  a  length  of  9(i  fet't.  The  fall  of  the 
main  canal  is  Tar  iu  excels  of  what  might  be  considered  necessary,  its 
course  being  almost  iu  the  direction  of  greatest  fall  of  the  ground's 
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surface.  This  results  in  no  injury  to  bank  lands  in  tbe  upx)er  section 
of  the  canal,  where  a  firm  sabstratmn  sets  a  limit  to  erosion,  but  has 
made  the  ufc  of  frequent  check  weirs  or  drops  necessary  in  its  lower 
sections,  particularly  at  points  where  water  is  delivered  into  branches. 

The  construction  of  this  canal  was  commenced  in  1872.  At  that 
time  a  regulator  was  placed  in  its  head  at  Genterville  Channel  of  Kings 
Biver.  The  following  year  the  cut  to  Bums  Slough  was  made  and  tbe 
canal  was  extended  westward  upon  the  valley  plain.  The  canal  was 
intended  primarily  to  supply  water  to  landowners  who  had  become 
stockholders  in  it,  but  the  sale  of  water  was  not  restricted  to  the  stock- 
holders. The  company's  capital  stock  was  fixed  at  $100,000,  in  1,000 
shares.  Water  is  sold  at  rates  annually  determined,  not  exceeding  $50 
per  second-foot  for  stockholders  and  $75  per  second-foot  for  other  irri- 
gators* The  sale  of  water  covers  all  expenses  of  management  and 
repairs.    The  first  cost  of  the  canal  was  about  $50,000. 

As  a  result  of  adverse  claims  to  the  use  of  Genterville  Channel  the  | 
canal  company  was  in  conflict  with  the  Fresno  Canal  aud  Irrigation  » 
Company  until,  in  1875,  it  was  agre^  that  the  water  in  the  regulator 
of  the  Kings  Biver  &  Fresiio  Usual  sfiould  be  maintained  at  1  foot  in 
depth  during  the  low-water  period  of  the  river  until  there  was  less 
than  1  foot  in  depth  in  the  regulator  of  the  other  canal,  and  that 
thereafter  equal  depths  should  be  maintained  in  both  regulators. 

The  distribution  of  water  to  ditches  of  consumers  is  in  charge  of  a 
caual  sux>erintendent.  No  system  of  measurement  is  in  use.  Water 
is  delivered  to  each  ditch  on  the  judgment  of  the  superintendent  in 
proportion  to  the  number  of  second-feet  to  which  each  ditch  is  entitled. 
No  attempt  is  made  to  effect  actual  delivery  of  the  amount  of  water 
bargained  for.  Any  number  of  irrigators  may  unite  and  have  the 
aggregate  amount  to  which  they  are  entitled  delivered  through  one 
gate. 

The  Enterprise  Ditch  was  the  result  of  such  combination  of  interests. 
It  was  constructed  about  1885.  It  received  water  for  a  time  from  the 
main  canal  at  the  point  where  its  waters  are  dropped  into  Kip  Slough, 
and  takes  a  westerly  course  along  the  base  of  the  north-side  foothills. 
Bounding  the  point  of  these  about  2^  miles  north  of  Centerville,  its 
course  is  northerly  for  4  miles,  thence  westerly  about  8  miles,  gen-  , 
erally  3  to  4  miles  north  of  the  main  canal.  This  ditch  was,  a  few  « 
years  after  construction,  sold  to  the  Fresno  Canal  and  Irrigation  Com- 
pany in  consideration  of  40  water  rights  that  were  issued  to  its  owners.   | 

Fresno  Canal, — The  head  of  Fresno  Canal  is  about  1^  miles  below 
the  head  of  the  Kings  Biver  &  Fresno  Canal;  also  on  the  north  side 
of  Centerville  Channel.  A  short  artificial  channel  having  a  westerly 
course  drops  the  water  of  the  canal  into  Chambers  Slough,  which  is  a 
depression  at  the  base  of  the  low  bluff  at  the  northern  margin  of  the 
bottoms.  This  has  been  converted  into  a  section  of  the  canal  by  the 
construction  of  a  levee  along  its  south  bank  to  a  point  a  little  over  a 
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mile  from  the  head  of  the  caual.  There  the  canal  enters  Long  Cut, 
which  extends  westward  in  a  direct  line  a  little  over  one-half  mile  aii<l 
carries  the  canal  water  into  another  natural  channel,  Burns  Slough, 
which  connects  with  Kip  Slough  a  short  distance  below.  Long  or  Big 
Gut  pierces  the  rimland  which  borders  Genterville  Bottoms  on  the 
north.  It  has  a  greatest  depth  of  about  10  feet  and  a  width  of  05  feet. 
Kip  Slough  is  utilized  for  the  canal  for  a  little  over  a  half  mile.  It  is 
thence  carried  westerly  nearly  2  miles  in  an  irregular  natural  depres- 
sion, which  was  converted  into  a  canal  by  constructing  embankments 
along  the  south  bank  of  the  proposed  water  way.  From  this  depres 
sion  an  artificial  channel  only  about  500  feet  long  drops  the  canal  water 
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into  Mud  Greek,  down  which  it  flows  in  a  southwesterly  direction  3  to  4 
miles  to  Fancher  (Fanshaw)  Creek,  which  then  becomes  the  main 
channel  of  the  creek  to  a  point  about  3  miles  east  of  Fresno. 

Where  Fresno  Ganal  leaves  Kip  or  Lone  Tree  Slough  the  slough  is 
closed  by  means  of  an  embankment,  in  which  a  gate  has  been  placed, 
through  which  water  is  delivered  into  the  lower  section  of  the  slough, 
which  is  also  known  as  the  Kingsburg  branch  of  Fresno  Ganal.  This? 
branch  delivers  water  to  the  Highland,  the  Garfield  (which  also  receives 
water  from  other  sources),  the  McGall,  and  the  Selma  ditches.     * 

The  main  canal  may  be  regarded  as  terminating  in  the  old  sink  of 
Faticher  Creek,  about  3  miles  east  of  Fresno.  From  that  point  it 
sends  southward  its  Washington  Colony  branch  and  south  westward 


.     REGULATOR  ON  KINGS  RIVER  U 


i  FRESNO  CitNkl. 


B.     FOWLER  SWITCH  C 


.L  NEAR  !^ANSER.  LOOKING 


GRUNWT]  FRESNO   CANAL.  45 

the  Central  Colony  branch,  from  which  there  is  another  branch  to 
Fresno  Colony.  At  the  Hobler  Dam,  about  8  miles  east  of  Fresno,  a 
branch  is  taken  out  toward  the  south  and  reaches  Fowler  and  the  col- 
onies in  its  vicinity,  and  another  branch  is  carried  westward  from  the 
north  side  of  the  main  canal  to  i)ortions  of  the  Easterby  ranches. 
Two  miles  above  the  Hobler  Dam  the  principal  north-side  diversion  is 
made.  This  is  known  as  the  Mill  Ditch,  which  for  many  years  furnished 
power  to  a  flour  mill  in  Fresno,  and  delivered  the  water,  after  use  for 
]H)wer,  to  the  colonies  south  westward  from  Fresno.  The  ditch  through 
Fresno  and  this  north  side  branch  has  become  the  feeder  of  the  Bank 
Land  Canal,  which  conveys  water  northwesterly  to  a  large  tract  of 
land  northwest  of  Fresno.  Another  north- side  branch  of  the  Fresno 
Canal  is  the  Enterprise  Ditch,  which  has  already  been  referred  to  in 
describing  the  Kings  Biver  &  Fresno  Canal  (p.  43).  This  ditch  was 
])nrchased  for  40  water  rights. 

No  attempt  will  here  be  made  to  describe  or  even  to  enumerate  the 
many  small  branches  of  this  canal,  particularly  as  some  of  these  are 
owned  independently  and  often  receive  water  from  other  sources  as  well 
a^  from  the  Fresno  Canal.  It  may  be  sufficient  to  state  that  the  aggre- 
gate area  covered  by  water  rights  (each  nominally  1  second-foot  to  160 
iicres)  exceeds  160,(K)0  acres. 

The  history  of  this  canal  construction  is  not  without  interest.  Oper- 
ations on  it  commenced  in  1870  with  the  posting  of  a  notice  of  a  claim 
to  water  "to  be  taken  from  Kings  Eiver  at  the  upper  end  of  Sweem's 
Ditch,  20  feet  on  the  bottom,  30  feet  on  the  top,  4  feet  deep."  This 
claim  was  made  by  Mr.  M.  J.  Church,  who  a  month  later  acquired  a 
two-thirds  interest  in  the  Sweem  Ditch.  The  Sweemljitch  was  a  small 
ditch,  the  construction  of  which  seems  to  have  been  commenced  in  1870, 
which  was  intended  to  increase  the  flow  of  what  was  then  known  as 
the  Centerville  Ditch.  Its  upper  section  was  enlarged  and  became  the 
head  section  of  Fresno  Canal.  In  1872  a  regulator  or  head  gate  was 
constructed  in  the  head  of  the  Fresno  Canal,  and  in  the  spring  of  1874 
a  small  cut  on  the  line  of  the  present  Long  Cut  was  completed  from  the 
Cruterville  Ditch  to  the  lower  sections  of  the  Fresno  Canal,  on  which 
work  had  meanwhile  been  pushed  to  the  limit  of  the  means  of  the  pro- 
jector ef  the  work,  Mr.  M.  J.  Church.  This  small  connecting  ditch  is 
n»]M>r-ted  to  have  had  a  bed  width  of  only  5  feet  on  a  grade  of  5  feet  to 
the  mile.  As  the  alignment  of  a  part  of  the  older  Centerville  Ditch 
was  in  time  to  become  the  alignment  of  a  section  of  the  Fresno  Canal, 
and  because  it  seemed  desirable  to  secure  the  water  rights  acquired  by 
tlie  Centerville  people,  arrangements  were  made  to  obtain  control  of  the 
corporation  known  as  the  Centerville  Canal  and  Irrigation  Company,  and 
a  transfer  of  their  ditch  property  was  made  to  the  Fresno  Canal  and  Irri- 
gallon  Company.  This  was  in  1874.  As  soon,  however,  as  the  settlers 
near  Centerville  realized  what  their  oflRcers  were  doing  the  demands  for 
just  treatment  at  the  hands  of  the  Fresno  Canal  and  Irrigation  Com- 
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pany  were  made  so  emphatic  that  those  who  were  entitled  to  water  in 
the  older  ditch  were  granted  water  rights  in  the  new  canal  for  their 
lands  in  perpetuity,  without  limit  as  to  quantity  and  firee  from  expense  * 
assessments.  About  1,500  to  2,000  acres  of  land  are  thus  covered.  In 
1875  it  became  necessary  to  enlarge  the  cut  westward  from  the  Center- 
yille  Ditch,  and  to  this  end  labor  was  bargained  for  with  farmers  who 
wanted  water  delivered  to  their  lands  through  Lone  Tree  Greek. 
Thirty-five  water  rights  were  issued  to  farmers,  who  completed  it  in 
June,  1875.  Meanwhile  other  parties  besides  Mr.  Church  had  become 
financially  interested  in  the  enterprise,  notably  Mr.  P.  Y.  Easterby,  and 
later  Mr.  W.  S.  Chapman.  It  was  not  profitable,  however,  at  the  out- 
set, and,  as  the  indirect  resalt  of  overspeculation  in  wheat  by  outside 
parties  and  failure  to  increase  loans,  a  transfer  of  the  property  in  1870 
to  the  Bank  of  Kevada  became  necessary.  The  management  of  the 
property  by  this  bank  was  expensive  and  gave  no  promise  of  success. 
It  was  not  long,  therefore,  before  the  original  projector  of  the  enterprise 
was  sent  for  and  the  property  was  sold  to  him,  on  the  execution  by  him 
of  a  long-term  note,  for  $28,000.  By  this  time  a  number  of  large  hold- 
ings of  land  had  been  subdivided  and  sold  in  small  tracts  and  had 
become  dependent  ux)on  the  canal  for  water.  Notable  among  these 
early  colonies  are  Central  Colony,  2,040  acres,  and  Temperance,  Church, 
and  Kevada  colonies,  each  640  acres.  These  colonies,  together  with  the 
Pioneer  vineyard  on  the  F.  T.  Eisen  tract,  soon  demonstrated  the  great 
productiveness  of  the  Fresno  sand  plains,  and  the  development  of  that 
region  was  rapid  during  the  next  decade.  The  sale  of  water  rights  had 
progressed  steadily,  so  that  in  1884  about  400  had  been  issued  or  bar- 
gained for,  and  their  price  had  increased  from  $200  to  $800  each. 
Later  their  price  was  fixed  at  $1,600  by  the  canal  management. 

A  water  right,  as  issued  by  the  company,  is  the  right  to  use  one- 
thousandth  part  of  the  flow  of  the  canal,  not  in  excess  of  1  second-foot,  ^^ 
on  a  specified  tract  of  160  acres.    The  canal  company  reserves  the    < 
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privilege  of  issuing  1,000  water  rights  without  enlarging  the  main    J'i 
canal.    Each  purchaser  of  a  water  right  agrees  not  to  use  the  water,     v  > 
or  i)ermit  it  to  be  used,  on  any  other  land  than  that  for  which  the  right       \ 
is  purchased,  nor  to  permit  the  water  to  run  ofi'  upon  contiguous  land 
or  in  any  other  way  to  run  to  useless  waste,  and  he  agrees  to  return 
surplus  waters  back  into  the  main  canal  or  a  branch  thereof.    Each 
water  right  remains  subject  to  an  annual  expense  assessment,  which 
ranges  from  $80  to  $100.    Water  is  delivered  without  any  attempt  at 
measurement  to  each  irrigator  at  any  point  on  the  company's  ditch 
system  that  he  may  select.    No  transfer  of  a  water  right  can  be  made 
except  with  the  land  which  it  covers.     Each  purchaser  of  a  water  right 
grants  to  the  canal  company  the  right  of  way  for  ditch  and  canal 
puriioses  through  any  lands  lying  in  the  same  township  as  the  tract 
for  which  water  is  boaght,  and  concedes  to  the  company  the  right 
to  use  his  private  ditch  provided  the  company  does  not  use  it  so  as  to 
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interfere  with  the  delivery  of  his  water.  The  purchaser  of  a  water 
right  further  obligates  himself  to  pay  to  the  canal  company  annually 
an  agreed  sum  (this  has  usually  been  $100),  and  in  default  of  payment 
for  thirty  days  to  forfeit  his  water  right.  The  water-right  agreement 
further  sets  forth  that  the  company  shall  not  be  responsible  for  defi-  t 
ciency  in  water  supply  caused  by  drought,  insufficiency  of  water  in  the  * 
river,  hostile  diversion  or  obstruction,  forcible  measures  or  temporary 
damage  by  floods  or  other  accidents,  but  that  it  shall  use  and  employ 
all  due  diligence  at  all  times  in  restoring  and  protecting  the  flow  of 
water  in  its  canals. 

The  structures  on  the  canal  do  not  deserve  extended  notice.  They  are 
all  made  of  timber.  The  original  regulator  has  been  replaced  by  a 
second  one,  constructed  about  1884,  shown  in  PI.  VIII,  A  and  B.  It 
consists  of  a  substantial  framework  of  heavy  timbers,  spaces  between 
vertical  posts  being  closed  by  vertical  sliding  gates.  From  the  head 
gate  an  embankment  of  cobblestones,  gravel,  and  sand  extends  north- 
ward across  Genterville  Bottoms  to  a  connection  with  high  land,  and 
prevents  destruction  of  the  upper  section  of  the  canal  during  freshets. 
The  diversion  of  water  into  the  head  of  the  canal  is  effected  by  means 
of  a  brush-and-cobblestone  dam,  as  shown  in  PI.  YII,  the  mainte- 
nance of  which  in  the  past  has  not  been  expensive.  Along  the  line  of 
the  canal,  wherever  necessary  to  prevent  excessive  erosion,  or  where 
required  to  turn  water  into  a  branch  ditch,  light  timber  weirs  are  in 
use.  Most  of  these  consist  of  two  side  or  bulkhead  walls  and  a  floor, 
usually  placed  a  little  below  the  grade  of  the  canal,  and  a  line  of  verti- 
cal x>osts  supported  by  braces  from  below.  Spaces  between  posts  are 
closed  to  the  desired  height  either  by  fixed  horizontal  boarding  or  by 
movable  drop  timbers  or  boards. 

The  impression  which  the  whole  work  gives  is  that  of  haphazard 
management,  the  result  of  which  is  not,  however,  entirely  unsatisfac- 
tory. 

The  control  of  the  canal  long  ago  passed  out  of  the  hands  of  Mr. 
Church,  who  effected  a  profitable  sale  of  the  property.  It  is  now 
managed  by  parties  who  also  own  controlling  interests  in  the  Kings 
River  and  Fresno  Canal  Company  and  who  have  acquired  the  property 
known  as  Bancho  Laguna  de  Tache.  It  remains  to  be  added  that 
these  parties  as  owners  of  the  rancho,  which  is  located  on  lower  Kings 
Biver,  have  entered  into  a  contract  with  the  Sunset  irrigation  district 
under  the  terms  of  which,  in  consideration  of  a  reservoir  site,  a  right  of 
way  for  a  canal,  and  a  waiver  of  riparian  rights,  the  irrigation  district 
has  paid  to  the  owners  of  the  rancho  $250,000  in  bonds  and  has  agreed 
to  make  no  demand  for  water  until  3,500  second-feet  of  water  are  avail- 
able for  the  Fresno  Canal  and  the  canal  of  the  rancho. 

Ceniervilk  Ditch. — This  is  at  present  a  branch  of  the  Fresno  Canal. 
It  was  constructed  in  1868  and  1869  by  settlers  near  Centerville  (now 
Kings  Eiver).    They  organized  a  company  known  as  the  Centerville 
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Canal  and  Irrigation  Company,  which  was  incorporated  in  Augrast, 
1868.  This  company  seems  to  have  been  the  successor  in  interest  to 
all  rights  acquired  by  some  of  the  settlers  whose  tirst  Fteps  to  secure 
water  were  taken  in  1865.  The  canal  was  constructed  southwesterly 
from  a  point  near  where  the  head  of  the  Kings  River  &  Fresno  Canal 
now  is  about  2^  miles  to  Burns  Slough;  thence  this  slough  was 
utilized  for  about  a  mile  to  a  point  a  short  distance  below  tlie  liong 
Cut,  and  thence  the  ditch  was  ext-ended  southwesterly  about  3  miles 
farther  to  lands  at  and  west  of  Centerville.  The  canal  property  was 
transferred  to  the  Fresno  Canal  and  Irrigation  Company  in  1874,  by 
those  who  had  secured  control  of  the  stock,  and  the  opposing  minority 
interests  were  finally  placated  by  the  issuance  of  perpetual,  unassess- 
able water  rights  in  the  newer  canal  to  stockholders  who  owned  lands 
near  Centerville. 

Stceem  Ditch. — This  ditch  was  never  completed.  Its  construction 
was  commenced  in  1870  from  a  point  near  the  present  head  of  the 
Fresno  Canal,  practically  on  the  alignment  subsequently  adopted  for 
that  canal.  Its  purpose  was  to  increase  the  delivery  of  water  into 
Burns  Slough  for  the  Centerville  Ditch.  It  was  sold  before  completion 
to  the  parties  who  were  at  work  on  the  Fresno  Canal  project,  and 
within  a  few  years  it  was  transformed  into  a  large  canal,  as  already 
explained. 

Fowler  Switch  Canal, — The  head  of  the  Fowler  Switch  Canal  is  in 
Centerville  Bottoms,  about  100  yards  below  the  head  of  the  Fresno 
Canal.  Its  course  is  southwesterly  for  1^  miles  in  Centerville  Bottoms, 
thence  westerly  for  2  miles  across  the  second  bottoms  to  near  the 
channel  of  Lone  Tree  Creek,  thence  southwesterly  10  miles  and  south- 
erly 5  miles  to  a  point  about  midway  between  Fowler  and  Selma,  thence 
southwesterly  5  miles,  thence  northwesterly  into  the  district  southward 
from  the  Washington  Colony.  The  canal  is  said  to  have  been  built  to 
carry  1,500  second-feet.  Its  bed  width  is  about  45  feet,  its  depth 
variable.  The  gradient  is  very  irregular,  being  that  of  the  natural 
surface  of  the  ground  in  its  upper  sections,  where  a  quite  firm  hard* 
pan  formation  is  relied  upon  to  check  excessive  erosion  of  the  canal 
bed.  Near  the  lower  end  of  the  canal  it  was  given  a  fall  of  1.92  feet 
to  the  mile. 

It  was  pro[K>sed  to  use  no  check  weirs  to  reduce  the  fall,  which  for 
short  distances  was  as  great  as  12  feet  to  the  mile,  and  to  put  lateral 
ditches  at  a  lower  elevation  than  the  main  canal,  so  as  to  reduce  the 
necessary  structures  to  a  minimum.  It  was  soon  found,  however,  that 
weirs  would  be  necessary  at  some  points  to  cheek  erosion  and  at  most 
points  where  water  was  to  be  diverted. 

Among  the  branches  of  the  Fowler  Switch  Canal  may  be  mentioned 
the  Cleveland  Ditch,  about  5  miles  long,  which  delivers  water  to  lands 
midway  between  Mulaga  and  Fowler;  the  Western  Canal,  which  sup- 
plies water  to  lands  atljacent  to  and  immediately  south  of  the  Sierra 
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Park  and  Wasliingtoii  Colouy;  the  Grant  Ditch,  which  has  a  westerly 
course  for  4  or  5  miles  from  near  the  end  of  the  main  canal;  aud  the 
ElkhoTD  Canal,  which  has  a  southwesterly  course  aud  delivers  water 
to  the  western  jiortioii  of  tlie  Wildfiower  region.  The  entire  canal  sys- 
tem gave  premise  of  beiug  one  of  cousiderable  importance  to  the  pros- 
perity of  the  district  it  commanded,  but  hopes  have  not  been  fully 
realized.  The  caual  baa  uot  been  permitted  to  take  river  water  with- 
out protest,  and  nnfavornble  i^ourt  decisions  have  thrown  some  doubt 
a|>on  the  reliability  of  this  canal  as  a  source  of  supply. 

Tbis  canal  was  constructed  in   1883,     Farmers  in   the  vicinity  of 
Fowler  who  wanted  water  for  their  own  land^^  formt^d  a  corporation, 


"^  ^^,' 


the  capital  stuck  of  which  was  fixed  at  $450,000,  divided  into  1,500 
shares,  of  which  300  were  subscribed  for.  It  was  agreed  that  in  pay- 
ment for  each  share  labor  and  material  might  be  contribnted  to  the 
extent  of  $200,  the  remainder  to  be  paid  in  coin.  It  was  soon  found, 
however,  that  the  first  issue  of  shares  would  uot  cover  the  cost  of 
canal  construction,  and  it  was  followed  by  a  second  issue  of  300  shares, 
which  were  taken  by  the  same  persons  wlio  held  the  first  issue. 
About  $110,000  were  expended  on  canal  construction  in  tbe  first  two 
years. 

The  water  in  the  canal  is  apportioned  to  the  stockholders,  who  may 
ask  for  the  delivery  of  their  water  at  any  iw'mt  on  the  main  canal. 
Tbis  hits  led  to  the  construction  of  a  number  of  branch  ditches  under 
IBE  18 1 
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independeBt  management,  which  receive  their  water  from  the  main 
canal.  One  of  the  principal  branches  of  this  sort  is  the  Elkhom 
Ditch.  It  is  owned  by  a  company  in  which  thirty  shares  are  represented. 
Some  of  the  stockhoklers  in  the  Elkhorn  Ditch  Company  are  not  hold- 
ers of  Fowler  Switch  stock.  In  such  cases  they  are  required  to  buy 
their  water  from  some  stockholder.  The  use  of  the  Elkhorn  Ditch  is 
restricted  to  its  owners,  no  water  being  sold. 

The  water  represented  by  the  stock  of  the  Fowler  Switch  Oanal  Com- 
pany is  at  the  disposal  of  the  individual  stockholders  to  the  extent 
that  it  maybe  leased  or  sold  and  its  delivery  maybe  called  for  through 
any  branch  ditch.  No  system  of  water  measurement  or  si)ecial  design 
of  gate  has  been  prescribed.  All  gates  in  distributing  ditches  are  con- 
structed by  the  consumers.  The  delivery  of  water  through  these  gates 
is  in  charge  of  a  oanal  superintendent.  The  canal  company  itself  does 
not  sell  any  water.    All  expenses  are  met  by  assessing  the  stockholders. 

The  structures  qd  the  canal  do  not  merit  extende<l  notice.  They  are 
all  of  very  light  construction.  The  check  weirs  or  drops  are  V-shaped, 
upper  and  lower  faces  being  permanently  sheathed  with  light  boarding. 
There  is  no  diverting  dam  at  the  head  of  the  catial,  which  ha«  been 
located  just  above  a  natural  cobblestone-and  bowlder  riffle. 

Centerville  <&  Kingsburg  Canal, — This  is  another  of  the  important 
north-side  canals  from  Kings  Kiver  belonging  to  the  upper  group  of 
canals.  Its  head  is  about  2  miles  in  a  direct  line  northeast  of  Center- 
ville, and  about  the  same  distance  by  river  below  the  head  of  the 
Fowler  Switch  Canal.  Its  course  is  westerly  for  nearly  half  a  mile, 
directly  toward  the  northwestern  margin  of  Centerville  Bottoms.  Its 
second  half  mile  has  a  southwesterly  direction,  along  the  slope  from 
higher  plains  to  the  bottoms ;  thence  on  the  higher  level  it  holds  a  course 
southwesterly  and  southerly  for  about  8  miles,  practically  parallel  with 
the  bluff,  20  to  30  feet  high,  whi<;h  drops  from  the  valley  plain  to 
Centerville  Bottoms.  This  portion  of  the  canal  is  frequently  within  a 
few  rods  of  the  edge  of  the  bluff,  and'  is  rarely  more  than  half  a  mile 
distant  therefrom. 

About  9  miles  below  its  head  the  canal  is  separated  into  a  number  of 
branches,  which  radiate  throughout  the  district  westward  from  Kings 
Kiver  below  the  Narrows,  extending  southeastward  to  lands  east  and 
soutli  of  Sanders,  southward  to  the  vicinity  of  Kingsburg,  and  south- 
westward  beyond  Selma  and  well  into  the  Wildflower  country. 

The  main  canal  has  irregular  dimensions,  its  bed  width  being  gener- 
ally about  30  to  35  feet.  It  has  been  allowed  to  cut  deep  into  the  friable 
surface  soils  in  the  upper  sections  of  its  course,  where  but  little  attempt 
has  been  made  to  reduce  its  gradient  below  that  of  the  natural  surface 
of  the  ground.  The  length  of  main  canal  is  about  IS  miles.  The  length 
of  its  three  principal  branches  is  reported  at  about  26  miles. 

The  diversion  from  the  river  is  etlected  by  means  of  a  brush-and- 
cobblestone  dam,  in  which  a  small  gate  serves  as  waste  way  and  sand 
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sluice.  The  canal  refcolator  is  close  to  the  river  and  Is  of  a  type  very 
common  on  Kings  Biver  canals.  Three  rows  of  posts  rit^ing  from  a 
plank  floor  extend  across  the  canal  from  one  bulkhead  wall  to  the  other. 
They  support  a  platform  loaded  with  cobbles  and  gravel  to  give  sta- 
bility to  the  structure.  The  spaces  between  upper  posts  are  closed  by 
means  of  vertically  sliding  gates,  each  of  which  has  a  stem  extend- 
ing above  the  platform,  to  which  power  is  applied  when  the  gate  is  to 
be  opened  or  closed.  The  cost  of  the  regulator  was  about  $1,000.  The 
first  cost  of  the  canal  was  about  $35,000. 

This  canal  was  constructed  in  1877  and  1878.  It  was  built  by  a 
company  organized  by  farmers  who  owned  lands  near  Kingsbnrg  and 
Selma.  The  capital  stock  of  the  corporation  which  they  formed  was 
originally  fixed  at  $12,500,  but  was  subsequently  increased  to  $35,000, 
being  divided  into  fifty  shares.  The  upper  2  miles  of  the  canal  were 
constructed  by  day  labor.    The  rest  of  the  main  caual  was  divided  into 
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sections,  each  of  which  represented  one  share  of  stock,  and  was  assigned 
to  some  stockholder,  who  was  required  to  complete  it.  A  few  unlimited, 
unassessable  rights  to  water  from  the  canal  have  been  granted  to  set- 
tlers near  Centerville,  in  consideration  of  rights  of  way.  Each  stock- 
holder is  entitled  to  the  delivery  of  a  proportional  part  of  the  water 
remaining  available  for  distribution;  but  each  stockholder,  or  the 
corporation  when  in  possession  of  any  shares  of  stock,  may  lease  the 
shares.  The  price  of  a  share  per  month  in  1882  was  $6.  Shares  were 
at  that  time  valued  at  about  $1,500.  Each  share  of  stock  is  supposed 
to  represent  "3  feet  of  water;"  an  expression  of  quantity  which  seems 
as  vague  as  the  amount  named  in  the  franchise  of  the  company — *U50 
cubic  feet  of  water  under  a  4-inch  pressure."  In  fact,  however,  each 
share  of  stock  entitles  its  holder  to  a  proportional  part  of  the  water 
varying  somewhat  according  to  the  number  of  shares  in  actual  use,  but 
not  in  excess  of  three  times  the  amount  which  would  flow  4  inches  deep 
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over  a  clear  overfall  12  inches  long.  Water  is  apportioned  on  the  judg- 
ment of  a  canal  superintendent,  generally  throagh  gates  of  like  con- 
struction. When  the  amount  of  water  per  share  of  stock  in  the  canal 
exceeds  three  units,  each  indii^ated  by  a  clear  overfall  of  4  inches  on  a 
length  of  12  inches,  then  all  surplus  water  is  held  for  sale,  by  the 
directors  of  the  company,  at  fixed  rates  per  mouth  per  unit.  The  cost 
of  canal  uianagement,  niaititenance,  and  repairs  is  assessed  upon  the 
stockholders.  The  annual  expense  assessment  is  now  about  $80  per 
share  of  stock.  The  works  required  to  divert  water  from  the  main 
canal  into  private  ditches,  including  weirs  in  the  main  canal,  are  con- 
structed by  the  consumers  of  water,  subject  to  approval  of  the  canal 
company. 

Satisfactory  use  of  this  canal  has  been  interfered  with  to  no  little 
extent  by  litigation,  generally  involving  the  right  of  the  canal  to  receive 
water  from  the  river,  and,  as  in  the  case  of  other  canals  from  Kings 
River,  its  permanent  efficiency  as  a  source  of  supply  has  been  thrown 
somewhat  into  doubt  by  adverse  decisions  of  the  courts. 

Selma  irrigation  district — This  irrigation  district  is  situated  on  the 
north  side  of  Kings  River,  in  Fresno  County,  and  embraces  within  its 
limits  the  lands  now  watered  by  the  Fowler  Switch  and  the  Oenterville 
&  Kingsburg  canals.  It  was  organized  in  1890  with  an  area  of 
271,000  acres.  For  the  purchase  of  existing  canals  and  the  construc- 
tion of  new  works,  it  was  proposed  to  issue  bonds  to  the  amount  of 
$1,000,000;  but  the  bond  issue  was  twice  defeated  at  the  polls,  and  it 
seems  to  be  generally  conceded  that  there  is  small  probability  of  a 
continuation  of  operations  under  the  district  law. 

Alta  irrigation  district  {76  Canal). — The  canal  which  supplies  water 
to  the  Alta  irrigation  district  is  known  as  the  76  Canal.  It  belongs  to 
the  upper  group  of  Kings  River  canals.  Its  head  is  on  the  south  side 
of  the  river,  about  IJ  miles  above  the  head  of  the  Kings  River  & 
Fresno  Canal,  if  the  point  at  which  the  uppermost  work  for  the  direc- 
tion of  water  toward  the  canal  regulator  may  be  termed  its  head.  At 
tliat  point  a  branch  of  the  river  has  been  enlarged  somewhat  and  other- 
wise improved,  and  the  water  diverted  from  the  main  stream  through 
this  natural  channel  is  carried  in  a  succession  of  depressions  or  high- 
water  channels  along  the  southeastern  margin  of  CenteiTille  Bottoms 
about  3  miles,  to  the  point  where  the  canal  cuts  out  upon  the  higher 
plain  lying  to  the  east  of  Centerville  Bottoms.  The  natural  depressions 
of  the  upper  coal  section  have  in  large  part  been  converted  into  a  canal 
by  building  up,  along  their  low  western  banks,  embankments  of  cobble- 
stones and  bowlders,  which  were  taken  from  their  beds  for  their  enlarge- 
ment. Where  the  canal  turns  away  from  Centerville  Bottoms  a  cat 
9  feet  in  depth  was  necessary.  From  this  point  the  canal  has  a  general 
southeasterly  course,  following  a  grade  line  with  18  inches  fall  to  the 
mile,  that  skirts  the  western  foothill  base.  At  6  miles  below  the  regu- 
lator tlie  canal  is  carried  across  Wahtoke  Creek,  and  its  southeasterly 
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refilled  with  carefully  selected  material  well  tamped  into  place.  Three 
rows  of  posts,  with  uecessary  brace  timbers,  rise  from  this  floor,  the 
X)ost  rows  being  8  feet  apart.  They  support  a  platform  which  serves 
as  a  bridge.  Between  the  upper  posts  are  the  gates,  twenty  in  all, 
which  slide  vertically  in  grooves  formed  by  spiking  additional  timbers 
to  the  upper  faces  of  the  i>osts.  Each  gate  has  a  stem  to  which  power 
is  applied  by  means  of  a  lever.  Every  fourth  gate  is  provided  with 
two  vertical  revolving  shutters,  so  connected  with  it  that  when  closed 
they  will  not  interfere  with  the  free  movement  of  the  gate.  These 
shutters  are  intended  to  be  used  when  the  water  pressure  on  the  gates 
is  so  great  as  to  interfere  with  their  being  raised.  The  cost  of  the 
head  gate  was  $3,000.  Lumber  at  the  gate  costs  $28  per  thousand  feet, 
board  measure.    About  G0,000  feet  of  lumber  were  used  in  its  construe- 
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Fio.  15 Head  of  76  Canal. 

tion.  The  check  weirs  in  use  on  this  canal  system  (there  are  nine  on 
the  Traver  branch  within  7^  miles  above  Traver)  are  simple  but  serv- 
iceable structures.  They  are  of  the  flashboard  type.  Spaces  between 
posts  4  feet  apart,  which  rise  from  a  plank  floor,  are  closed  by  loose 
boards  sliding  in  grooves.  The  cost  of  a  check  weir  across  a  canal  60 
feet  wide  is  reported  to  have  been  $275. 

Occasionally  a  firm  hardpan  layer  that  would  not  yield  readily  to 
blasting  or  plowing  had  to  be  broken  up  into  long,  nari'ow  strips  with 
gads.  A  spur  of  rotten  granite  was  crossed  at  one  point,  and  the  maxi- 
mum cut  through  it  was  28  feet.  Throughout  5  miles  below  the  regu- 
lator large  cobbles — some  1  foot  in  least  diameter — had  to  be  removed 
from  the  material  loosened  by  the  plow  before  scraper  work  could  com- 
mence. The  ground  containing  these  cobbles  was  first  trenched  with 
large  road  plows  drawn  by  12  to  16  mules.  The  plows  were  steadied 
by  means  of  long  saplings  extending  out  on  either  side. 
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Along  the  base  of  Campbells  Mountain,  througboat  the  3  or  4  miles 

above  Walitoke  Oreek,  the  surface  soil  into  which  the  canal  was  cut  is 

liry  bog — a  dark-colored,  light  soil,  which  contracts,  cracks,  and  crntn- 

blea  1q  drying.     When  wet  this  soil  is  Roft  and  sticky.    This  material 

had  to  be  used  in  many  places  for  the  canal  embankment,  which  often 

crossed  depressions, 

aud    when    water 

reached  these  it  rap- 
idly  permeated    the 

spongy   bank    and 

often    foand    vents 

that  led  to  the  speedy 

destruction     of    the 

embankment.  Itctrat 

aboat  $6,0U0  to  get 

the  water  in  tbecaual 

aa  far  as  Wahtoke 

Creek. 
The  canal  was  con- 
I  strncted    in    1882. 

This  was  before  the 
I  enactmentoftheirri- 

gatiou-district  law. 
;  Its  constraotion  was 

undertaken  by  a  pri- 
'  vate  corporation,  on 
'.  a   plan    which    wan 

very     satisfactorily 

carried  out    As  soon 

as  the  feasibility  of 

mafciug  the  diversion 

of   water    from    the  ~ 

river    was    assured, 

about  40,000  acres  of 

land  on  the  plains  to 

becommanded  by  the 

canal    were    bought 

for  the  corporation  at 

prices  less  than  $10 

per    acre.     These 

lands  were  offered  for  f,o.  l«,_Plan  uit)  bIbyMI™  or  rOKnUtor  for  ?«  C«nal- 

sale  as  soon  as  the 

ranal  came  into  service,  at  prices  somewhat  in  excess  of  the  added  cost 
of  canal  constrnction.  It  was  proposed  to  establish  each  year*  sched- 
ole  of  prices  to  be  adhered  to  for  a  year,  bat  demand  for  land  was  so 
great  at  the  prices 'fixed  during  the  tirst  few  years  that  the  lands  were 
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repeatedly  withdrawn  from  sale.  The  expenditure  of  less  than  $300,000 
in  four  years  thus  created  and  increased  values  to  an  estimated  amount 
of  over  $800,000,  not  including  increased  values  of  properties  in  which 
the  canal  company  had  no  direct  interest. 

Before  the  canal  was  sold  to  the  Alta  irrigation  district,  water 
rights  were  issued  to  purchasers  of  all  lands  sold  by  the  canal  com- 
pany and  were  for  sale  to  others  owning  land  in  the  district  com- 
manded. A  water  right  was  defined  as  40  miner's  inches  of  water,  and 
was  located  upon  some  particular,,JO:j<;re  tract  of  land,  of  which  it 
became  an  appurtenance.  Each  full  water  right  was  made  liable  to  an 
assessment  of  $16  per  year  to  cover  expenses  of  canal  management. 
The  price  of  a  water  right  was  fixed  at  $200. 

The  Alta  irrigation  district  was  formed  in  1888  and  was  made  to 
include  the  lands  to  be  irrigated  with  the  76  Canal.  It  extends  south- 
erly from  Kings  River  to  and  even  beyond  Cottonwood  Creek  and 
westerly  to  within  a  mile  of  the  eastern  border  of  the  Kings  River 
delta,  and  has  an  area  of  130,000  acres.  Two  years  later  the  district 
purchased  the  canal  and  its  branches,  paying  therefor  $410,000  in 
bonds  of  the  district.  This  covered  the  repayment  to  holders  of  water 
rights  of  the  amounts  which  they  had  paid  for  them. 

The  northern  apex  of  the  Alta  irrigation  district  is  at  the  western 
base  of  Tchoenimiie  Mountain,  where  a  second  river  bottom,  10  to  20 
feet  higher  than  Centerville  Bottoms,  lies  below  the  76  Canal.  From 
the  second  bottom,  which  is  long  and  narrow,  having  an  area  of  nearly 
7,000  acres,  there  is  an  abrupt  rise  of  20  to  35  feet  to  the  upland  or 
main  east-side  San  Joaquin  Valley  x>lain.  The  surface  of  this  plain 
drops  away  gently  from  the  base  of  the  hills  southwestward  toward  the 
valley  trough.  Its  slope  is  at  first  about  10  feet  to  the  mile,  but  this 
becomes  gradually  le>s  and  is  only  6  feet  to  the  mile  near  Traver.  The 
only  notable  break  in  the  surface  of  this  portion  of  the  valley  plain  is 
made  by  Wahtokc  Creek,  which,  in  its  southwesterly  course  from  the 
foothills  of  the  Sierra  Kevada,  passes  to  the  east  and  south  of  Camp- 
bells Mountain  and  discharges  into  Kings  River  at  the  Narrows.  It 
ilows  in  a  wide,  deep  gorge  from  foothill  base  to  the  river. 

Southward  from  Wahtoke  Creek  are  several  minor  creek  channels, 
which  carry  water  only  in  very  wet  seasons  and  sink  or  spread  before 
reaching  Cross  Creek. 

After  the  purchase  of  the  76  Canal  system,  in  1890,  more  branch 
canals  were  necessary.  These  were  constructed,  under  the  direction  and 
supervision  of  the  district  engineer,  by  private  parties,  from  whom  they 
were  then  bought,  payment  being  made  with  irrigation-district  bonds. 
About  150  miles  of  branch  ditches  were  thus  constructed,  at  a  total 
cost  in  bonds  of  $133,000.  The  entire  district  is  now  covered  with 
bran(*h  canals,  which  are  rarely  more  than  2  to  3  miles  apart. 

The  area  of  land  to  whose  sinface  water  is  now  actually  applied  is 
estimated  by  the  district  otlicers  at  40,000  acres.  .  The  distribution  of 
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'water  is  in  charge  of  a  canal   superintendent  and  seven  assistants, 
called  "ditch  tenders," 

T)]e  soil  of  this  region  is  for  the  most  part  a  sandy  loam,  with  coarse, 
clayey  sands  near  the  esbstern  border  of  the  district,  and  finer,  lighter 
sands  toward  the  west.  Much  alkali  is  in  the  soil  to  the  west  and 
southwest  of  Traver.  Hardpan  subsoils  are  common  at  2  to  5  feet 
below  the  surface.  Ground  water  before  1883  was  at  20  to  GO  feet.  It 
was  nearest  the  surface  in  the  southern  and  western  portions  of  this 
district.  Irrigation  is  causing  the  water  table  to  rise,  j)articularly  near 
Traver. 

Water  is  usually  available  for  irrigation  from  February  until  the  end 
of  July.  Where  used  on  a  small  scale,  land  is  occasionally  prepared 
for  it  by  subdivision  into  small  rectangular  checks.  This  was  the  pre- 
ferred system  when  water  was  first  introducetl  into  the  vicinity  of 
Traver.  Now  the  contour-check  method  of  irrigation  is  finding  more 
favor.  The  reason  for  this  preference  seems  to  be  due,  not  only  to 
reduced  first  cost,  but  also  to  the  fact  that  it  requires  less  cutting  down 
of  surface  soils  than  the  level-check  method  of  irrigation.  The  uncov- 
ered subsoils  are  6ften  found  to  be  relatively  barren.  Orchards,  vine- 
yards, and  summer  crops  are  quite  generally  being  irrigated  by  the 
furrow  method.  Grain  land,  if  wet  at  all,  is  irrigated  by  spreading 
water  over  the  surface  from  small  ditches  or  furrows,  usually  before 
sowing. 

Morrow  Ditch. — ^This  was  one  of  several  small  private  ditches  south 
of  the  main  channel  of  the  river  which  were  in  use  for  the  irrigation 
of  small  tracts  pf  land  in  Genterville  Bottoms.  It  was  constructed 
about  1865. 

Dennis  cfe  Jordan  ditch. — This  is  another  private  ditch,  now  having 
the  appearance  of  a  natural  arm  of  the  river.  Its  course  is  southwest- 
erly from  Patterson  Slough,  from  which  it  takes  water  about  1 J  miles 
below  the  regulator  of  the  76  Canal. 

Kincaid  Ditch. — This  name  is  applied  to  an  eastern  arm  of  Patterson 
Slough,  the  head  of  which  is  about  one-half  mile  below  the  head  of  the 
Dennis  &  Jordan  Ditch.  It  supplies  water  to  the  Dennis  Ditch  and  to 
Finks  Branch. 

Glenn  and  Barton  ditches. — These  are  two  other  small  private  ditches, 
which  seem  to  have  been  in  use  about  1879  on  lands  of  Genterville 
Bottoms,  but  which  have  probably  been  abandoned. 

Emigrant  Canal. — This  canal  may  be  classed  as  almost  out  of  serv- 
ice. It  was  the  uppermost  of  the  north-side  Kings  Eiver  cjinals  of 
the  lower  group.  It  took  water  from  the  north  side  of  Gole  Slough 
about  2  miles  below  the  head  of  that  arm  of  Kings  Eiver.  Its  course 
was  southwesterly,  nearly  parallel  with  Gole  Slough,  for  about  3  miles, 
thence  northwesterly  to  and  beyond  Wildflower.  The  canal  was  con- 
structed by  an  organization  of  farmers  who  wanted  water  for  their 
lands,  and  was  to  be  managed  for  mutual  benefit.    They  formed  a  cor- 
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poration  late  in  1875,  with  a  capital  stock  of  $20,000,  in  shares  of 
$1,000  each.  All  expenses  of  construction,  maintenance,  and  manage- 
ment were  met  by  assessing  stockholders.  Each  stockholder  was  enti- 
tled to  the  use  of  canal  water  in  proportion  to  amount  of  stock  owned. 
Ho  was  allowed  to  sell  or  rent  his  water  at  pleasure.  Each  consumer 
of  water  was  required  to  build  his  own  delivery  gate,  subject  to  the 
approval  of  the  directors.  The  distribution  of  water  was  in  charge  of 
a  canal  superintendent,  which  office  was  annually  let  to  the  lowest 
bidder.  The  canal  had  a  bed  width  of  about  16  feet,  and  delivered  its 
water  to  a  number  of  branches,  which  covered  about  7,000  acres.  The 
canal  company  became  involved  in  litigation  and  failed  to  maintain 
control  of  its  head  works,  so  that  finally  it  received  water  only  during 
high  stages  of  the  river,  and  generally  for  such  short  i)eriods  of  time 
that  those  dependent  upon  it  soon  found  it  to  their  advantage  to  secure 
additional  water  from  the  Centerville  &  Kingsburg  or  the  Fowler  Switch 
canals. 

Liberty  Canal. — This  is  a  canal  which  was  constructed  about  1882 
from  the  north  side  of  Murphy  Slough,  its  head  being  about  5  miles 
above  liiverdale.  After  experiencing  much  trouble  in  obtaining  a  sat- 
isfactory supply  of  water  from  Murphy  Slough,  which  is  the  extension 
of  Cole  Slough,  the  original  head  of  the  canal  was  abandoned  several 
years  ago,  and  it  was  extended  easterly  about  7  miles  to  a  connection 
with  a  high- water  escape  way  from  Cole  Slough  known  as  the  Suther- 
land Canal.  The  inflow  into  the  canal  is  controlled  by  a  regulator 
placed  in  the  Sutherland  Canal  about  one-eighth  mile  from  Cole 
Slough.  The  canal  is  about  15  miles  long,  has  a  westerly  course  for  7 
miles  and  thence  a  northwesterly  course,  is  about  20  feet  wide,  and  its 
branches  cover  about  5,000  acres  to  the  north  of  liiverdale. 

Millrace  Canal. — Where  Murphy  Slough  leaves  the  grant  known  as 
the  Kancho  Laguna  de  Tache,  about  li  miles  above  Riverdale,  two 
gates  or  dashboard  weirs  have  been  built  across  the  two  channels  of 
the  slough.  These  force  its  water  through  a  short  canal  into  another 
natural  channel,  known  as  the  Old  North  Channel,  from  which  it  is 
reclaimed  half  a  mile  below  and  is  carried  westward  and  thence  north- 
ward in  the  Millrace  Canal.  This  canal  is  used  for  the  irrigation  of 
lands  near  Eiverdale  and  westward  thereof.  It  is  essentially  a  high- 
water  canal.  The  canal  proper  is  about  C  miles  long.  It  has  a  bed 
width  of  about  14  feet. 

Reeds  Ditch. — One  of  the  old  ditches  on  Kings  River  is  the  Reeds 
Ditch,  whose  head  is  on  the  north  side  of  Murphy  Slough,  about  4 
miles  below  Riverdale.  It  is  a  small  private  ditch,  having  a  course  a 
little  north  of  west.  Its  bed  width  is  about  5  feet;  its  length  about  4 
miles.    It  irrigates  a  few  acres  of  land  near  Elkhorn. 

Laguna  de  Tache  Canal  {Grant  Canal). — The  *' River  Ranch,"  which 
includes  the  Rancho  Laguna  de  Tache,  has  an  area  of  abont  68,000 
acres,  embracing  within  its  boundaries  nearly  all  of  the  delta  lands 
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of  Kings  River  northward  from  the  main  stream.  A  main  canal  Las 
been  constructed  for  the  irrigation  of  the  greater  part  of  tlii.s  rancho, 
and  this  is  known  either  as  the  Laguna  de  Tacho  Canal  or  the  Grant 
Canal.  A  large  portion  of  this  rancho  is  annually  submerged  during 
the  high  stages  of  Kings  liiver.  The  area  subject  to  such  flooding 
has,  however,  been  considerably  reduced  by  the  construction  of  a 
north-side  river  levee  along  a  portion  of  the  ranch  frontage.  There 
are  a  number  of  north-side  delta  channels  which  break  out  from  the 
main  stream  within  this  rancho,  most  of  which  have  westerly  courses 
toward  the  valley  trough.  The  history  of  these,  as  related  by  l.ocal 
residents,  is  not  without  interest.  The  present  head  of  (^ole  Slough  is  < 
a  water  way  made  by  the  freshets  of  1861-62.  It  was  enlarged  and 
deex)ened  by  subsequent  high  waters.  Cole  Slough  is  the  principal 
north-side  delta  channel.  Its  waters  are  carried  westward  by  the 
several  branches  of  Murphy  Slough,  and  finally  reach  the  upper  por- 
tion of  Fresno  Swamp,  through  which  they  are  carried  in  a  network  of 
channels,  as  frequently  found  in  tule  swamps,  to  Fresno  Slough  and 
San  Joaquin  River,  many  miles  northwestward. 

Before  1862  Cole  Slough  received  water  from  the  river  through  a 
channel  known  as  the  Arroyo  de  Uotansas,  the  head  of  which  was 
about  a  quarter  of  a  mile  below  the  present  head  of  the  slough.  This 
channel  was  about  3  miles  long. 

Until  1869  Cole  Slough  occupied  a  channel  which  at  a  point  about 
3  miles  in  a  direct  line  above  Kingston  was  less  than  a  quarter  of  a 
mile  from  Kings  River,  but  in  that  year  Mr.  St.  John,  one  of  the  owners 
of  the  rancho,  made  a  small  ditch  westward  from  the  north  slough 
bank  about  6  miles  below  its  head.  This  ditch  was  enlarged  by  the 
next  high  water;  it  lost  the  appearance  of  a  ditch,  and  is  now  called 
St.  Johns  Channel  or  New  Cole  Slough.  It  reunites  3  miles  below  its 
head  with  the  original  slough  channel  at  a  point  also  known  as  the 
head  of  Murphy  Slough. 

A  small  ditch,  constructed  in  1868  by  a  settler  known  as  Dutch  John, 
connecting  Kings  Riyer  with  Cole  Slough  at  the  point  where  the  two 
channels  were  nearest  together,  had  meanwhile  also  been  converted 
into  a  capacious  water  course  and  has  since  been  known  as  the  Dutch 
John  Cut.  In  the  same  winter,  1868-69,  the  river  broke  through  the 
barrier  separating  it  from  Murphy  Slough  at  a  point  about  3  miles  (by 
river)  below  the  Dutch  John  Cut  and  formed  Reynolds  Slough,  which 
is  about  one-half  mile  long. 

The  Grant  Canal  was  constructed  in  1873.  Water  was  diverted  for 
it  from  Murphy  Slough,  near  Reynolds  Slough,  which  latter  was 
permanently  closed  by  means  of  a  dam.  Two  years  later,  by  per- 
mission of  the  owners  of  the  Grant,  a  new  connection  between  Cole 
Slough,  half  a  mile  above  the  head  of  Grant  Canal,  and  Murphy 
Slough,  nearly  the  same  distance  below  the  canal,  was  made  by  set- 
tlers who  were  desirous  of  increasing  the  flow  of  water  in  the  channels 
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reaching  the  vicinity  of  Elkhorn.  Its  projectors  subsequently  filed  a 
claim  to  water  and  incorporated  under  the  name  of  the  Vanderbilt 
Canal  Company.  Settlers  in  the  vicinity  of  Riverdale  and  Elkhorn 
claim  that  the  original  cut  was  entirely  artificial,  while  owners  of  the 
Grant  Canal  claim  that  the  cut  is  merely  the  result  of  cleaning  out  the 
head  of  a  natural  water  course.  After  the  Vanderbilt  Cut  had  become 
one  of  the  channels  for  Cole  Slough  water,  the  Grant  Cd.nal  was  extended 
ui>8tream  across  Murphy  Slough  to  the  Vanderbilt  Cut,  from  which  it 
has  ever  since  taken  its  water.  The  turning  of  the  flow  of  Cole  Slough 
into  the  Vanderbilt  Cut  is  accomplished  by  means  of  a  dam  of  earth 
across  the  old  south  channel.  From  the  cut  water  is  turned  into  the 
head  of  the  canal  by  means  of  a  second  earth  dam,  and,  flowing  in  the 
canal,  it  crosses  Murphy  Slough  between  two  dams,  of  which  the  lower 
or  westerly  one  is  an  overfall  dam  of  brush  work,  serving  as  an  escape 
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way  for  surplus  waters  and  feeding  the  lower  sections  of  Murphy 
Slough. 

The  Laguna  de  Tache  Canal  has  a  westerly  course  along  the  northern 
bank  of  the  main  channel  of  Kings  Iliver,  from  which  it  is  generally 
less  than  one-half  mile  distant.  At  5^  miles  below  its  head  it  crosses 
a  water  course  known  as  the  James  Canal,  on  an  earthen  dam,  and  its 
direction  becomes  southerly.  It  reaches  the  river  bank  within  a  mile 
and  closely  follows  it  southerly  for  about  a  mile  farther  on  its  course, 
crossing  and  closing  the  head  of  another  delta  channel  of  Kings 
River  known  as  Old  North  Fork. 

The  upper  section  of  the  main  canal  for  a  distance  of  about  4  miles 
from  its  head  has  a  bed  width  of  about  30  feet  and  carries  water  2  to 
2^  feet  deep.  The  distributaries  from  the  main  canal  are  for  the  most 
part  natural  channels^  many  of  which  have  long  ago  ceased  to  serve  as 
delta  channels  and  are  mere  swales  on  the  tops  of  low  ridges.  The 
James  Canal  is  a  channel  of  more  recent  formation,  which  has  been 
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utilized  as  a  distribating  ditch.  By  permission  of  the  owners  of  the 
Grant  a  gate  for  the  control  of  its  flow  was  put  into  this  channel  in 

1880.  It  was  washed  oat  by  the  next  freshets  and  was  replaced  in 

1881,  bnt  was  again  destroyed.  Thereupon  the  owners  of  the  Grant 
permanently  closed  this  channel  with  the  embankment  of  earth  on 
which  the  canal  is  carried  across. 

The  head  of  Old  North  Fork^  which  is  another  distribotiiry  of  canal 
water,  was  closed  as  early  as  1865  by  Messrs.  Satherland  and  Mann. 
One  of  the  most  important  of  the  lower- river  north-side  delta  cliannels 
is  the  Zalda  Canal,  which,  throaghont  its  lower  sections,  is  generally 
known  as  the  North  Fork  of  Kings  Kiver.  It  is  claimed  that  the  head 
of  this  channel  is  the  enlargement  by  flood  waters  of  a  ditch  con- 
stracted  in  1872  by  settlers  living  to  the  west  of  the  Grant.  This 
channel  was  reported  closed  for  a  time  by  a  dam  at  the  river  about 
1885.  It  was  at  that  time  proposed  to  utilize  this  channel  as  one  of 
the  distributaries  of  water  from  the  Grant  Canal.  The  course  of  North 
Fork  is  westward  in  a  very  direct  line  toward  Summit  Lake,  but  before 
the  lake  is  reached  its  main  channel  swerves  northward  into  Fresno 
Swamp.  The  portion  of  the  Kings  River  delta  between  the  main  river 
on  the  south  and  the  Zalda  Canal  on  the  north  marks  the  very  flat 
summit  between  Tulare  Lake  and  Fresno  Swamp.  In  the  trough  of 
the  valley  near  and  to  the  south  of  Summit  Lake  the  general  elevation 
of  the  ground's  surface  on  this  summit,  the  lowest  point  on  the  border 
of  Tulare  Lake,  is  about  211  feet  above  mean  sea  level.  During  the 
last  high  stage  of  the  lake,  in  1868,  the  depth  of  water  over  the 
general  surface  of  the  country  at  this  T)oint  was  about  6  feet. 

The  lands  of  the  Eancho  Laguna  de  Tache  have  always  been  so  well 
watered  that  the  irrigation  works  which  have  been  constructed  maybe 
regarded  as  serving  primarily  to  establish  a  convenient  control  of  the 
water  rather  than  as  works  intended  to  increase  the  supply.  To  pre- 
vent excessive  natural  inundation  it  has  been  found  necessary  to  erect 
embankments  along  the  river,  also  to  construct  numerous  drain  ditches 
from  low  tracts  into  natural  channels  to  facilitate  drainage.  Tlie  main 
irrigation  canal  supplies  water  to  a  large  number  of  distributaries,  fre- 
quently natural  channels,  and  these  in  turn  to  small  irrigating  ditches, 
usually  200  to  450  yards  apart.  As  the  entire  irrigation  system  lies 
within  the  limits  of  the  rancho  there  has  been  less  study  of  methods  of 
controlling  and  distributing  water  than  would  have  been  the  case  if  a 
large  number  of  consumers  had  to  be  supplied,  and  water  measure- 
ment has  been  entirely  out  of  the  question. 

The  Eancho  Laguna  de  Tache  has  within  the  last  few  years  become 
the  property  of  the  same  parties  who  control  the  Fresno  Canal.  The 
future  of  both  properties  was  kept  in  mind  when  the  owners  of  the  CJrant 
sold  Kings  Eiver  water  to  the  Sunset  irrigation  district,  to  be  diverted 
by  way  of  Cole  Slough  into  the  enl;irir(*d  (Irnnt  Canal,  thence  across  tlie 
Zalda  Canal  (North  Fork)  to  a  proposed  reservoir  near  Summit  Lake. 
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Accordiug  to  the  terms  of  this  agreement  the  district  is  given  a  right 
of  way  and  a  reservoir  site,  and  water  is  sold  to  it  to  the  extent  of 
3,500  second-feet,  subject  to  the  prior  rights  of  the  owners  of  the 
rancho  and  of  the  Fresno  Canal  to  the  extent  of  3,000  second-feet,  and 
subject  also  to  the  proviso  that,  for  use  on  the  ranch,  500  second-feet 
may  be  taken  out  of  the  main  canal  of  the  district.  The  price  paid  by 
the  irrigation  district  was  $250,000  in  district  bonds,  and  the  aggre- 
gate amount  of  land  in  reservoir  sites  and  right  of  way  for  the  canal 
was  not  to  exceed  2,200  acres. 

Crescent  Canal. — This  canal  was  constructed  in  1885  and  1886,  and 
came  into  use  in  1887  for  the  irrigation  of  lands  on  the  western  edge  of 
the  extreme  southern  i)ortion  of  Fresno  Swamp.  The  head  of  the  canal 
is  on  the  south  side  of  North  Fork,  about  a  mile  to  the  north  of  Summit 
Lake.  The  canal,  which  is  about  8  miles  long,  has  a  westerly  course 
for  about  IJ  miles,  thence  northwesterly,  following  a  grade  line  with  a 
fall  of  C  inches  to  the  mile.  It  was  originally  made  50  feet  wide  near 
its  head;  it  was  25  feet  wide  several  miles  below,  and  50  feet  wide  in 
its  lower  sections.  The  narrow  section  was  cut  to  the  full  width  in 
1892.  It  was  planned  to  carry  water  3  feet  deep.  A  regulator  is 
maintained  in  the  head  of  the  canal.  This  is  a  simple  structure. 
Twelve  light  gates  of  1  inch  boards  close'the  4-foot  openings  between 
vertical  posts  which  rise  from  a  plank  floor.  The  total  width  of  the 
regulator  between  side  walls  is  50  feet.  Its  height  is  about  G  feet.  It 
is  weighted  on  top  with  a  tilling  of  earth.  The  canal  supplies  water  to 
several  thousand  acres  of  land,  most  of  which  lies  within  the  limit  of 
overflow. 

The  canal  is  owned  by  an  incorporated  company,  whose  capital  stock 
was  fixed  at  $75,000,  in  150  shares.  The  cost  of  the  canal  works  has 
been  about  $5,000.  The  canal  was  constructed  for  the  8ui)ply  of  water 
to  lands  owned  by  its  stockholders  and  not  tor  the  sale  of  water.  Each 
irrigator  is  required  to  own  one  share  of  stock  for  each  quarter  section 
of  land  (160  acres)  which  he  wishes  to  irrigate.  All  distributing 
ditches  are  constructed  by  the  irrigators,  who  take  water  from  the 
main  canal  at  the  most  convenient  points. 

Peoples  Ditch. — This  is  a  canal  of  the  lower  grcmp  whose  head  is  on 
the  south  side  of  Kings  Kiver,  about  one-half  mile  above  the  head  of 
Cole  Slough.  Kings  Kiver  at  this  i>oint  flows  in  a  broad,  sandy  bed  to 
which  there  is  a  steep  descent  of  about  15  feet  from  the  level  of  the 
main  valley  plain  on  the  south.  Tlie  canal  follows  the  margin  of  this 
plain  for  some  distance  southwesterly  as  it  recedes  from  the  river^  and 
is  gradually. bnmght  out  upon  the  surface  of  the  plain  about  3nniles 
below  its  head.  At  about  4  miles  below  its  head  the  distribution  of 
its  water  to  its  branches  commences.  The  diversion  of  water  from  the 
river  is  effected  at  low  stages  by  means  of  a  dam  of  brush  and  sand, 
which  is  annually  repaired  or  renewed  at  considerable  expense.  Until 
within  the  last  few  years  the  inflow  into  the  canal  was  controlled  by 


I.  PEOPLES  DITCH. 


B.    REGULATOR  IN  PEOPLES  DITCH,  ikS  SEEN  FROM  ABOVE, 


/^ 


OBUN8KT.] 


PEOPLES    DITCH. 


63 


two  regulators,  one  of  which  was  within  a  qnurler  of  a  mile  of  the 
river  bank,  the  other  about  2  miles  below.  These  were  24  feet  in  width 
and  were  of  the  ordinary  culvert  type  with  vertically  sliding  gates. 

There  is  a  new  regulating  gate  now  in  service  within  several  hundred 
yards  of  the  head  of  the  canal.  This  is  a  massive,  well-built  structure, 
38  feet  wide  between  side  walls,  which  supports  an  earth  fill  about  2 
feet  thick,  serving  as  a  roadway  over  the  canal.  The  space  between 
side  walls  is  subdivided  by  10-by-lO-inch  posts  into  ten  bays  or  open- 
ings, each  of  which  is  closed  by  means  of  a  vertically  sliding  gate. 
Powev  is  applied  to  the  gate  stems  by  means  of  a  lever,  the  end  of 
which  engages  between  the  teeth  of  a  rack. 

The  canal  has  a  fall  of  only  about  one  half  foot  in  the  first  2  miles  of 
its  course.  The  effective  fall  is  increased  somewhat  by  keeping  the 
brush  dam  at  a  good  height.  The  canal  as  originally  construc^ted  was 
24  feet  wide  on  the  bottom,  and  was  intended  to  carry  4  feet  of  water. 


Fio.  18.— Head  of  Peoples  Canal,  on  Kin^H  Kiver. 

Its  estimated  capacity  was  about  220  second-feet.  Below  the  second 
regulating  gate  the  width  of  the  canal  increases  to  30  iect,  and  the 
■-ilepth  of  water  to  be  carried  is  only  3  feet.  These  dimensions  are 
maintained  for  about  4  miles,  still  in  a  southwesterly  direction  and 
extending  well  into  the  northeastern  extremity  of  that  portion  of  the 
Kings  Kiver  delta  usually  referred  to  as  the  Mussel  Slough  country. 
The  canal  has  three  principal  branches:  West  Fork,  which  terminates 
near  Grangeville;  Middle  Fork,  which  passes  just  to  the  westward  of 
Hanford;  and  East  Foik,  which  passes  through  tlie  sonthern  portion 
of  Hanford  and  extends  to  points  4  miles  farther  south.  The  aggre- 
gate length  of  the  main  canal  and  its  principal  branches  is  about  37 
miles.  This  canal  was  constructed  by  the  Peoples  Ditch  Company  in 
1873  and  the  following  years.  The  first  notice  of  a  claim  to  water  was 
posted  late  in  1872.  The  company,  formed  by  settlers  who  wanted 
water  for  their  own  lands,  was  finally  incorporated  in  1873.  Its  capital 
stock,  originally  fixed  at  $10,000,  was  soon  increased  to  $35,000,  and 
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later  to  $100,000.  The  first  cost  of  the  canal  was  about  $50,000  to 
800,000.  The  total  cost  of  canal  construction  and  annual  expense 
account  had  reached  $120,000  in  1881.  About  $4,000  to  $6,000  are 
annually  expended  on  the  dam. .  The  total  annual  expenditure  for 
management,  maintenance,  and  repairs  is  about  $10,000. 

Of  the  100  shares  into  which  the  company's  capital  stock  is  divided 
about  one-third  have  reverted  to  the  corporation.  The  remaining 
shares  are  in  the  hands  of  irrigators,  to  whom  water  is  delivered  in 
amounts  proportional  to  their  holdings  of  stock.  The  stockholders  are 
permitted  to  sell  the  water  to  which  they  are  entitled  and  to  ask  for  its 
r  delivery  through  any  of  the  canal  branches.  Its  use  is  not  restricted 
^  to  any  particular  tract  of  land.  The  delivery  of  water  to  irrigators  is 
usually  through  gates  1  to  4  feet  wide.  It  is  discharged  under  pres- 
sure, tlie  endeavor  being  to  make  amounts  delivered  proportional  to 
stock  which  it  represents,  without  any  attempt  at  actual  measurement. 
A  canal  superintendent,  with  necessary  assistants,  has  charge  of  the 
delivery  of  water.  Its  equitable  distribution  depends  largely  on  the 
judgment  of  the  canal  superintendent. 

During  the  years  1883  and  1884  the  experiment  was  tried  of  selling 
water  to  stockholders  at  $200  per  share  of  stock  per  year;  to  those  not 
3  holding  stock  an  equivalent  amount  at  $300  per  year;  but  it  did  not 
prove  satisfactory.  All  stockholders  are  assessed  to  meet  the  annual 
expenses.  The  area  of  land  actually  irrigated  or  benefited  by  the 
water  of  this  canal  is  about  25,000  acres. 

Mussel  Slottgh  Ditch, — This  canal,  which  is  now  out  of  servjce,  took 
its  name  from  one  of  the  delta  channels  of  Kings  Eiver  which  has  been 
utilized  for  the  distribution  of  water.  The  canal^unlike^  the  other 
canals  of  the  Kings  River  delta,  was  constructed  for  speculative  pur- 
1  poses.  It  was  proposed  to  turn  a  large  volume  of  water  from  the 
'  I  river  into  the  slough  and  to  derive  a  revenue  from  its  sale  to  irrigators. 
The  head  of  the  canal  was  on  the  south  side  of  Kings  Eiver,  about  7 
miles  below  the  head  of  the  Peoples  Ditch.  A  narrow  cut,  the  original 
bed  width  of  which  was  about  10  feet,  was  made  from  that  point  south- 
erly into  and  thence  southwesterly  along  the  upper  portion  of  the 
channel  of  Mussel  Slough.  The  bottom  of  this  cut  throughout  a  little 
more  than  a  mile  from  its  head  was  made  level,  being  at  an  elevation  a 
little  below  that  of  the  river  bed  at  the  head  of  the  canal.  The  upper 
portion  of  this  cut,  near  the  river,  is  over  14  feet  in  depth.  As  the 
canal  leave:^  the  river  it  grows  wider,  and  at  about  3  miles  from  its 
head  the  natural  channel  of  Mussel  Slough  afibrded  ample  capacity  for 
its  waters. 

Mussel  Slough  and  its  principal  branches,  Sand  Slough  and  Lone 
Oak  Slough,  have  a  general  southwesterly  course  through  the  delta 
lands,  passing  to  the  west  of  Ilandford  and  extending  to  the  high  water 
\\\\i\  of  Tiilinc^  Lake. 

To  what  extent  the  canal  hiis  been  in  use  in  the  last  few  years  is  not 
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known.  It  is  now  oat  of  service,  and  was  not  in  use  for  three  years 
preceding  1886.  Its  head  was  closed  with  an  embankment  of  earth  in 
1884,  becanse  at  that  time  the  river  threatened  to  destroy  the  canal 
head  gate  and  cause  inundation  of  the  upper  and  central  portions  of 
the  delta. 

The  canal  head  gate  or  regulator  was  placed  in  the  deepest  portion 
of  the  cut,  near  the  bank  of  the  river.  It  was  made  24  feet  wide,  the 
space  between  its  walls  being  divided  into  a  number  of  openings  by 
vertical  x>osts,  between  which  gates  slid  vertically.  The  structure 
ha<l  the  usual  upper  platform  loaded  with  earth,  making  a  roadway  20 
feet  wide.  Its  floor  length  was  40  feet.  Sheet  piling  8  feet  deep  was 
used  on  the  upper  floor  line  and  for  12  feet  under  each  wing;  sheet 
piling  was  also  driven  6  feet  deep  across  the  canal,  on  the  middle  line 
of  the  floor  and  at  its  lower  edge. 

Throughout  the  length  of  the  natural  channels  utilized  for  the  water 
of  the  Mussel  Slough  Ditch,  check  weirs  or  gates  were  constructed  with 
which  to  hold  the  water  surface  at  or  above  the  surface  of  the  ground. 
Irrigation  was  to  be  accomplished  by  subirrigation  on  a  large  scale. 
The  charge  for  water  ranged  from  31^  to  6!2^  cents  per  acre  per  year. 
There  was  little  or  no  restriction  as  to  the  amount  of  water  to  be  used 
by  individual  takers  of  water,  and  the  principal  duty  of  the  canal 
superintendent  seems  to  have  been  to  prevent  those  from  taking  water 
who  had  no  intention  of  paying  for  it. 

The  total  cost  of  the  canal  works  connected  therewith  was  about 
(50,000  to  $60,000. 

This  canal  was  constructed  in  1875.  Its  promoters  formed  a  corpora- 
tion with  a  capital  stock  fixed  at  $500,000,  divided  into  10.000  shares, 
all  of  which  remained  in  the  hands  of  a  few  persons.  The  canal 
capacity  was  about  200  to  300  second-feet. 

LdHt  Chance  Ditch. — One  of  the  most  important  of  the  Kings  River 
delta  canals  is  the  Last  Chance  Ditch,  whose  head  is  on  the  south  side 
of  the  river  about  2^  miles  by  river  above  Kingston.  The  course  of 
the  canal  and  its  branches  is  southerly.  It  commands  a  district  3 
to  4  miles  wide,  extending  from  near  the  river  southerly  to  near  the 
high-water  line  of  Tulare  Lake.  Grangevillelies  at  tlie  eastern  border 
of  this  district  and  Armona  well  within  it.  Lands  along  its  eastern 
border  are  commanded  jointly  by  this  canal  and  the  Peoples  Ditch.  A 
natural  cut  through  the  south  bank  of  the  river,  known  as  Leinbeiger 
Slough,  has  been  utilized  for  the  head  of  the  canal.  This  slough  is 
really  one  of  the  lower  delta  channels  of  the  river.  The  cannl  is  cut 
from  its  south  bank  about  150  feet  from  the  river.  The  canal  regulator 
is  about  800  feet  below  its  Iiead.  The  water  entering  the  head  of  the 
slough  is  divided,  a  portion  flowing  down  the  natural  channel,  the  rest 
entering  the  head  of  the  Last  Chance  Ditch.  The  canal  has  a  bed 
width  of  25  feet,  and  was  designed  for  a  4-foot  depth  of  water.  Its 
course  is  a  little  west  of  south  for  7  miles  to  a  point  half  a  mile  west  of 
lEE  18 5 


66  IBKIQATION   NEAR   FHK8NO,  CALIFORNIA.  [iro-lB- 

Grangeville,  irhere  it  is  divided  into  two  principal  branches.  One 
of  these  has  a  southwesterly  course  and  at  the  eiid  of  3  miles  drops  its 
water  iDto  a  natural  channel  which  has  a  southerly  course  and  connects 
with  Mussel  Slough.  The  other  branch  within  a  mile  is  iifiiiin  divided, 
forming  a  middle  and  an  eastern  branch,  both  of  which  extend  far 
toward  the  south.  These  main  branches  were  all  mtide  Hi  fei't  wide  on 
the  bottom  and  were  planned  to  carry  water  2^  feet  deep,  TLe  gradient 
of  tlte  canal  is  about  1  foot  to  the  mile. 

The  original  canal  regulator,  which  was  in  service  ft-om  1871  to  1880, 
was  made  18  feet  wide  between  side  walls  and  is  reported  to  have 
cost  $5,600.  It  was  replaced  by  a  second  one,  20  feet  wide,  at  a  cost  of 
$3,000.  The  removal  of  sand  from  the  canals,  which  Lad  been  swt'pt 
in  by  high  waters  during  the  period  when  there  was  no  gate  at  the 
head  of  the  canal,  is  said  to  have  cost  $3,000.    The  regulator  is  of  the 
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ordinary  box  type.  From  a  floor  30  feet  wide  and  36  feet  long  (in 
the  direction  of  the  canal)  side  walls  rise  to  a  height  of  14  feet. 
Between  them  are  posts  which  support  a  platrorui  or  bridge  thiit  alTords 
convenieutaccess  to  the  gates.  The  gateposts  divide  the  spaci!  between 
side  walls  into  six  openings,  each  of  which  is  closed  with  planking 
permanently  from  the  top  down  to  about  5  feet  from  the  door.  The 
remaining  open  space  is  controlled  by  sliding  gates  having  a  long  stem 
or  stiindaid  to  which  power  is  applied  by  means  of  a  lever  engaging  in 
the  teeth  of  a  rack.  The  gateposts  are  braced  from  below.  Long 
wings  extend  diagonally  into  the  canal  banks  above  and  below  the 
gate.  The  upper  ones  are  14  feet  high ;  the  lower  ones  about  4  feet. 
Tongued  and  grooved  4-inch  sheet  piling  was  driven  U)  feet  deep  along 
thenpper  edge  of  the  floor  and  under  the  upper  wings.  Along  both 
sides  of  the  floor,  across  the  canal  at  its  lower  end  and  well  out  uuder 
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tlie  lower  wings,  3-mch  tongued  and  grooved  sheet  piling  was  driven  8 
feet  deep.  Piles  were  driven  to  a  depth  of  12  feet  under  the  braces  to 
gateposts.  Floor  sills,  piles,  and  main  posts  were  8  by  8  inches;  side 
wall  posts,  4  by  8  inches.  The  floor  is  of  3-inch  planking,  covered  by 
1-inch  boards.  Side  walls  are  of  2-inclL  material,  also  covered  with 
1-inch  boards.  Back  filling  was  selected  sand.  The  bed  of  the  canal 
below  the  gate  was  protected  by  a  layer  of  brush,  pinned  down  with 
stakes  6  to  8  feet  long. 

The  Last  Chance  Ditch  was  constructed  in  1873  and  1874  by  a  com- 
pany known  as  the  Last  Chance  Water  Ditch  Company,  which  was 
organized  and  incorporated  by  the  farmers  to  whose  lauds  it  was  to 
supply  water.  The  original  30  shares  into  which  a  capital  stock  of 
$30,000  was  divided  were  a  few  years  later  increased  to  GO  shares,  and 
the  capital  stock  was  also  doubled.  Only  about  two-thirds  of  these 
shares  are  in  the  hands  of  stockholders.  Until  1886  all  operating  and 
repair  expenses,  about  $4,000  per  year,  were  assessed  upon  the  stock- 
holders, and  water  was  delivered  to  these  without  charge  in  proportion 
to  amount  of  stock  owned  or  controlled.  Since  that  time  water  has 
been  charged  for  at  rates  fixed  annually,  generally  $1.50  per  acre,  in 
order  to  make  actual  users  of  water  bear  an  increased  portion  of  the 
canal  expenses.      \DwV^/CC^  \  .A^  |^^   ^  Z;o| 

There  has  been  no  system  of  water  measurement  introduced.  Water 
is  delivered  to  irrigators  through  a  great  variety  of  gates;  generally, 
however,  through  openings  under  pressure.  A  canal  superintendent 
and  an  assistant  have  charge  of  its  distribution.  During  the  high- 
water  period  an  attendant  is  kept  constantly  at  the  head  gate.  The 
canal  ordinarily  flows  from  the  beginning  of  February  to  the  end  of 
July.    About  20,000  acres  of  land  are  dependent  upon  it  for  water. 

Lower  Kings  River  Canal. — This  is  another  south-side  canal  in  the 
Kings  Eiver  delta.  Its  head  is  about  6  miles  below  Kingston.  Its 
course  is  southerly,  and  the  district  it  commands  lies  just  westward  of 
that  of  Last  Chance  Ditch  and  has  Lemoore  in  its  center.  The  canal 
is  cut  southerly  from  the  river,  and  at  the  end  of  its  first  mile  reaches 
Leinberger  Slough,  into  which  its  water  is  dropped.  It  is  reclaimed 
from  this  slough  less  than  half  a  mile  below  that  x)oint,  and  thence  has 
a  southerly  course  to  within  abont  3  miles  of  Lemoore.  Two  principal 
branches,  each  about  16  feet  wide  on  the  bottom,  extend  toward  the 
south  from  this  point.  Near  the  river  the  main  canal  crosses  high- water 
sloughs  fed  by  the  over-bauk  flow  from  Kings  River.  These  natural 
channels  have  been  closed  by  dams  on  the  lower  or  west  side  of  the 
canal.  Their  water,  together  with  other  water  escaping  from  Kings 
Biver  above  the  head  of  this  canal,  is  received  by  the  canal  and  carried 
to  Lemberger  Slough.  At  the  point  where  the  canal  leaves  this  slough 
a  waste  way  260  feet  long  is  maintained,  through  which  surplus  waters 
are  discharged.  This  is  a  verj^  light  timber  structure,  which  is  reported 
to  have  rendered  good  service.    Some  years  ago  it  was  proposed  to 
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supplement  it  with  a  second  waste  gate,  200  feet  long,  nearer  the  head 
of  the  canal.  The  main  canal  regulator  or  head  gate  has  been  set  close 
to  the  river  bank.  A  secondary  regulating  gate  is  just  below  the  Lein- 
berger  Slough  waste  gate.  Each  gate  is  about  40  feet  wide  between 
side  walls.  The  head  gate  is  arranged  similarly  to  that  described  for 
the  Last  Chance  Ditch.  The  main  canal  is  about  40  feet  wide.  It  was 
built  on  a  very  light  grade.  The  bottom  of  the  canal,  commencing  at 
the  same  elevation  as  the  river  bottom,  was  reported  level  throughout 
the  first  5  miles  of  its  course.  The  effective  gradient  slope  of  water 
surface  when  full  is  reported  at  4  inches  to  the  mile,  with  a  2^-foot  depth 

at  the  forks  of  the  canal. 
Work  on  this  canal  com- 
menced in  1870.  Twenty- 
seven  persons  joined  in  an 
agreement  under  which  the 
canal  was  to  be  constructed, 
and  which  i)rovided  that 
each  person  was  to  bear  a 
prot)ortional  part  of  ^^  all  ex- 
penses above"  his  "further 
boundary."  It  was  at  first 
made  18  feet  wide  on  the 
bottom  near  its  head,  and  10 
feet  wide  at  5  miles  below 
its  head.  It  was  enlarged  in 
1873.  The  first  head  gate 
was  constructed  in  1872  and 
is  reported  to  have  had  a 
width  of  18  feet.  It  was 
washed  out  the  following 
winter  and  was  at  once  re- 
placed by  another,  which 
was  in  use  till  1876.  After 
this  second  regulating  gate 
was  swept  away  the  canal 
was  operated  without  an  upper  gate  until  1879,  when  the  third  regu- 
lator, 40  feet  wide,  was  built,  at  a  cost  of  about  $3,000. 

The  canal  was  built  and  is  owned  by  those  to  whom  it  supplies  water. 
Its  owners,  who  had  organized  as  a  company,  formed  a  corporation  in 
1873,  with  a  capital  stock  fixed  at  $30,0«K),  in  100  shares. 

The  water  in  the  canal  is  supposed  to  be  represented  by  those  shares 
of  stock  which  have  been  issued,  which  is  a  little  more  than  one  half 
of  the  full  number  of  shares  of  capital  stock.  It  is  sold  by  directors  of 
the  company,  but  only  to  the  extent  of  the  shares  which  have  been 
issued.  Each  of  these  represents  a  proportional  part  of  the  fiow  of  the 
canal  until  such  part  exceeds  144  miner's  inches.     Water  in  excess  of 
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this  amount  is  at  the  further  disposal  of  the  company.  Stockholders 
are  preferred  purchasers  of  water  to  the  extent  of  the  shares  owned  by 
each,  and  provided  the  application  for  water  is  made  preceding  a  fixed 
date.  Each  share  of  stock  is  supposed  to  represent  sufficient  water  for 
320  acres.  The  annual  cost  of  canal  management  and  repairs  is  about 
$1,500  to  $2,000.  The  first  cost  of  the  canal  was  about  $30,000.  For 
a  number  of  years  alter  organization  all  expenses  were  assessed  upon 
the  stockholders,  but,  this  proving  unsatisfactory,  the  plan  of  selling 
water  was  introduced,  with  good  result.  The  extent  of  irrigation  from 
this  canal  may  be  noted  at  about  10,000  acres. 

Bhoad^  Canal. — Lands  to  the  west  of  Lemoore  to  the  extent  of  3,000 
or  4,000  acres  are  dependent  in  large  measure  upon  the  flow  of  the 
Ehoads  Canal  for  irrigation  water.  This  canal  in  its  upper  section  has 
the  appearance  of  a  natural  high- water  channel.  From  a  point  on  the 
south  side  of  Kings  Eiver  about  1^  miles  below  the  head  of  the  Lower 
Kings  Biver  Oanal,  this  channel  has  a  southwesterly  course  for  2  miles 
to  Garother  Slough.  It  is  known  as  Wrights  Gut,  and  is  claimed  to  be 
the  enlargement  of  a  small  ditch  constructed  many  years  ago.  The 
Rhoads  Ganal  is  carried  southward  from  the  termination  of  this  cut  at 
Garother  Slough  about  7  miles.  It  has  a  bottom  width  of  about  16 
feet  and  carries  water  about  2  feet  deep.  Water  is  taken  from  Garother 
Slongh  so  long  as  the  slough  has  a  sufficient  flow;  thereafter  a  little 
work  is  done  at  the  head  of  Wrights  Gut  to  turn  more  water  from  the 
river  into  the  canal. 

The  canal  is  reported  to  have  been  in  use  since  1868.  It  replaced  a 
small  ditch,  about  5  feet  wide,  which  had  been  in  use  some  years  before. 
The  canal  belongs  to  a  number  of  farmers,  who  by  mutual  agreement 
apx)ortion  its  water  and  expense  of  maintenance  among  themselves. 
There  is  no  regulator  at  the  head  of  the  canal.  Water  is  taken  by 
each  irrigator  as  he  may  require  it.  No  water  is  sold,  and  all  contribu- 
tions toward  expenses  of  maintenance  are  voluntary,  as  there  are  no 
means  of  enforcing  their  payment. 

There  are  times  when  much  more  water  flows  in  Wrights  Gut  than 
can  be  carried  by  the  lower  sections  of  the  canal.  The  surplus  reaches 
Green  Slough  through  Garother  Slough,  thence  Esrey  Slough  and 
other  natural  channels,  and  is  finally  reclaimed  for  the  irrigation  of 
lands  about  4  miles  southwest  of  Lemoore. 

Jacobs  Ganal. — ^This  is  a  private  high- water  canal,  constructed  about 
ten  years  ago  for  the  benefit  of  lauds  along  the  northern  margin  of 
Tulare  Lake,  below  the  lake's  high- water  line.  Its  head  is  about  6 
miles  southwest  of  Lemoore. 

SUNSET  IRRIGATION  DISTRICT. 

As  the  construction  of  the  works  for  this  district  has  not  commenced, 
a  brief  reference  to  the  district  and  its  proposed  source  of  supply  will 
suffice.  The  district  covers  tlie  lowest  portion  of  the  west  side  plain 
of  San  Joaquin  Valley,  extending  northward  from  the  southern  limit 
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of  Talare  Lake  about  70  miles,  to  within  3  miles  of  Las  Juntas,  the 
point  where  Fresno  Slough  unites  with  San  Joaquin  River.  Its  width 
ranges  from  1  to  12  miles  and  its  area  is  about  363,500  acres.  The  dis- 
trict organization  was  completed  in  March,  1 891.  After  estimates  of 
the  cost  of  works  necessary  for  its  irrigation  were  made,  a  bond  issue 
of  $2,000,000  was  voted.  Of  this  bond  issue  $250,000  were  paid  for 
water  rights,  reservoir  site,  and  rights  of  way. 

The  plan  of  irrigation  involves  the  construction  of  a  large  reservoir 
in  the  vicinity  of  Sunimit  Lake,  which  is  to  be  formed  by  the  construc- 
tion of  two  embankments  of  earth,  each  crossing  the  valley  trough 
from  east  to  west.  Water  is  to  be  supplied  to  this  reservou*  from 
Kings  River  by  way  of  Cole  Slough,  the  enlarged  Grant  Oanal  (which 
is  to  be  used  in  common  with  the  owners  of  the  Grant),  and  a  canal 
extension  to  be  carried  from  near  the  lower  end  of  the  Grant  Canal  in 
a  direction  a  little  south  of  west  across  the  North  Fork  of  Kings  River 
to  the  reservoir  site.  From  the  reservoir  there  is  to  be  a  canal  north- 
ward and  a  second  one  southward,  both  supplied  with  water  by  gravity 
flow  from  the  reservoir.  In  addition  to  these  two  low-level  canals 
there  are  to  be  eight  other  canals,  four  northward  and  four  southward, 
each  11  feet  higher  than  the  one  next  below,  and  each  to  be  supplied 
with  water  by  means  of  centrifugal  pumps  arranged  in  four  pumping 
stations. 

The  specifications  drawn  for  this  work  do  not  indicate  how  the  sev- 
enteen pumps  that  are  prescribed  are  to  be  apportioned  to  the  several 
pumping  stations.  The  pumps  are  each  to  have  a  capacity  of  100 
second-feet  raised  11  feet.  The  district  canals  are  to  be  of  sufficient 
size  and  length  to  carry  water  to  all  parts  of  the  district.  The  require- 
ments concerning  canal  dimensions  are  not  made  specific;  they  are  to 
be  suitable  to  the  service  required,  which,  it  appears,  remains  to  be 
determined  as  work  progresses.  The  aggregate  length  of  the  proposed 
district  canals  is  estimated  at  500  miles.  The  contract  for  the  construc- 
tion of  the  canal  system  complete,  including  the  necessary  pumps, 
engines,  and  boilers,  has  been  let  for  $1,500,000,  and  the  same  person 
who  has  taken  this  contract  is  also  the  purchaser  of  the  bonds  of  the 
district.  It  is  distinctly  expressed  in  the  contract  that  m  case  the 
bonds  are  not  taken  the  contract  may,  at  the  option  of  the  district 
directors,  be  set  aside.  The  contract  was  made  several  years  ago,  and 
was  conditioned  upon  a  decision  by  the  Supreme  Court  of  the  United 
States  sustaining  the  irrigation-district  law.  This  having  been  ren- 
dered, it  is  understood  that  the  contractor  has  now  declared  his  readi- 
ness to  proceed  with  actual  construction  work. 
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THE   FRESNO   PLAINS. 
DESCRIPTION. 

The  main  canals  which  divert  water  from  the  north  side  of  Kings 
Kiver  at  or  near  the  upper  end  of  Oenterville  Bottoms  and  command 
that  portion  of  the  San  Joaquin  Valley  plain  in  the  vicinity  of  Fresno, 
Selma,  and  Kingsburg  may  be  designated  the  Fresno  group  of  canals. 
These  canals  are  the  Kings  River  &  Fresno  Canal,  the  Fresno  Canal, 
the  Fowler  Switch  Canal,  and  the  Centerville  &  Kingsburg  Canal, 
all  of  which  have  already  been  described.  Their  branches  extend 
throughout  an  area  of  u early  400  square  miles,  which  before  canal 
construction  was  a  treeless,  sandy  plain.  It  was  almost  devoid  of 
natural  water  courses.  The  few  creeks  whose  periodical  flow  reached 
the  eastern  border  of  the  plain  to  the  north  of  Kings  River  were  soon 
lost,  and  there  was  no  sigu  of  a  channel  beyond  their  "sinks."  The 
natural  water  courses  in  the  eastern  portion  of  the  district  under  con- 
sideration, in  their  order  northward  from  Kings  River,  were  Burns 
Slough,  Kip  (Lone  Tree)  Slough,  Mud  Slough,  Mud  Creek,  Fancher 
(Fanshaw)  Creek,  Red  Bank  Creek,  Frolic  Creek,  and  Big  Creek.  Of 
these,  the  first  three  lie  to  the  south  of  the  point  of  the  mountain 
which  with  gentle  slope  extends  westward  on  the  north  side  of  Kings 
River  to  a  point  2  miles  north  of  Centerville.  Burns  Slough  is  a  tribu- 
tary of  Kip  Slough.  The  sink  of  Fancher  Creek,  now  a  fine  vineyard, 
is  about  4  miles  east  of  Fresno.  The  waters  of  Red  Bank  and  Frolic 
creeks,  after  uniting  in  one  channel,  spread  and  disappear  6  miles 
east  of  Fresno,  near  where  Temperance  Colony  has  been  established. 
The  sink  of  Big  Creek  is  several  miles  to  the  northwest  of  Fresno. 

Some  of  the  channels  of  these  creeks  have  been  made  part  of  the 
canal  system.  Portions  of  Burns  Slough  and  Big  Creek  are  utilized 
for  water  of  the  Kings  River  &  Fresno  Canal.  Other  portions  of 
Bums  Slough,  Kip  Slough,  Mud  Sh)ugh,  Mud  Creek,  and  Fancher 
Creek  are  now  the  main  channel  of  the  Fresno  Canal.  Lone  Tree 
Creek  is  an  important  distributary  of  the  water  of  the  Fresno  Canal, 
By  the  utilization  of  these  natural  water  courses  the  canals  are  made 
the  recipients  of  the  drainage  water  from  the  foothills,  and  are,  at 
time  of  considerable  rainfall,  taxed  beyond  their  capacity,  and  have 
repeatedly  in  the  last  few  years  inundated  parts  of  Fresno  and  vicinity. 
A  proper  drainage  system  in  this  locality  is  now  recognized  as  a  neces- 
sity, and  no  doubt  will  be  planned  and  executed  in  the  near  future. 
The  general  slope  of  the  Fresno  irrigated  region  is  from  northeast  to 
southwest,  at  the  rate  of  5  to  about  7  feet  to  the  mile.  The  surface 
of  the  country  for  the  most  part  is  very  smooth,  though  broad  belts 
of  hog-wallow  or  knoUy  ground  are  occasionally  found.  The  knolls  of 
these  hog- wallow  belts  are  generally  1  to  2  feet  in  height,  rarely  as  high 
as  3  or  4  feet.    The  knolls  are  close  together,  and  diameters  at  the 
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base  of  from  20  to  40  feet  are  most  common.  Where  they  occur  the 
expense  of  preparing  land  for  irrigation  is  increased.  Except  where 
nnasaally  high  they  do  not  interfere  seriotisly  with  ordinary  farming 
operations  when  land  is  not  irrigated.  They  often  indicate  land  of 
inferior  quality,  hardpau  being  frequently  found  beneath  a  shallow 
layer  of  surface  soil. 

Kear  Oenterville  the  soil  of  the  upland  is  a  red  sandy  loam,  resting  on 
a  yellow  clay  hardpan,  which  is  usually  at  4  to  6  feet  below  the  surface. 
Hard  pan  is  not  continuous;  it  disappears  frequently  at  about  one-half 
mile  from  the  margin  of  the  upland,  where  the  surface  soil  becomes 
lighter  and  more  sandy.  At  depths  of  10  feet  or  more  beds  of  cobble 
and  gravel  are  found,  which  in  proximity  to  the  low  river  bottoms  afford 
thorough  underdrainage  to  these  lands.  The  soil  is  very  productive. 
Ground  wat«'r  is  at  12  to  15  feet  below  the  surface. 

Westward  from  Genterville  toward  Fresno  the  soil  of  the  plains  is  a 
loamy  sand.  This  generally  rests  on  a  firm  clay  hardpan,  which  is  some- 
times impregnated  with  sand.  Soil  is  from  1  to  3  feet  deep.  At  the 
sinks  of  the  several  creeks  near  Fresno  the  soil  is  a  deep,  heavy,  red  loam, 
baking  on  the  surface  after  being  wet.  Where  a  hardpan  substratum 
is  encountered  at  all  it  is  at  10  to  30  feet  below  the  surface.  Westward 
from  the  immediate  vicinity  of  the  sinks  of  the  creeks  the  soil  is  a  loamy 
sand,  several  feet  deep,  resting  on  a  firm  clay  hardpan.  The  soil  far 
toward  the  southwest  merges  into  the  sandy  soils  of  the  alkali  belt 
which  skirts  the  edge  of  Fresno  Swamp,  and  these  in  turn  are  suc- 
ceeded by  the  rich  peaty  alluvium  of  the  swamp  lands.  To  the  south 
of  Fre49no  the  sandy  soil  of  Fresno  and  Central  California  colonies 
changes  to  the  light  so-called  ash  of  Washington  Colony.  The  hardpan 
dips  farther  below  the  surface  toward  the  south,  and  there  are  points 
in  the  latter  colony  where  it  has  disa^ipeared  altogether.  In  the  south- 
ern and  southeastern  portion  of  the  region  commanded  by  this  canal 
system  sand  predominates.  The  surface  of  the  country  is  comparatively 
smooth,  though  occasionally  crossed  by  low  sand  ridges.  Firm  hard- 
pan,  partaking  of  the  nature  of  cemented  sand,  immediately  below  the 
surface  soil  is  rarely  found.  It  occurs  most  frequently  where  the  sur- 
face presents  the  peculiar  hog- wallow  appearance. 

The  rainfall  in  the  region  commanded  by  the  Fresno  Canal  system  is 
greatest  near  the  base  of  the  foothills.  It  decreases  from  there  toward 
the  west.  At  Centerville  the  average  fall  of  rain  is  about  16  inches, 
while  at  Fresno  and  Eiugsburg  it  is  9  inches.  The  average  fall  at 
Firebaugh,  30  miles  to  the  west,  in  the  trough  of  the  valley,  is  about 
two-thirds  of  that  at  Fresno.  For  the  irrigated  region  near  Fresno  the 
mean  annual  fall  of  rain  may  be  noted  at  about  9  to  10  inches.  When 
this  amount  of  rain  falls  at  the  proper  time  it  is  sufficient  to  insure  fair 
orops  of  grain.  Throughout  a  large  part  of  the  region  rainfall  is  relied 
upon  to  produce  a  crop,  and  irrigation  of  grain  is  resorted  to  only  when 
an  unusually  dry  spring  threatens  the  destruction  of  a  growing  crop. 
"^^^  products  which  can  not  be  raisc^d  without  irrigation  are  alfalfa, 
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grapes,  fruits  of  all  kinds,  inclading  citrus  finiits,  com,  melons,  etc. 
Two  of  the  canals  irrigating  lands  near  Fresno  have  a  i>erennial  flow; 
the  others  divert  water  only  during  medium  and  high  stages  of  the 
river,  generally  from  January  to  August,  inclusive.  The  aggregate 
capacity  of  the  four  canals  already  enumerated  is  about  1,550  second- 
feet.  None  of  them,  however,  flow  for  long  periods  at  their  maximum 
capacity.  The  demand  for  water  is,  fortunately,  greatest  at  the  time 
when  the  flow  of  the  river  is  greatest,  during  spring  and  the  early  part 
of  summer. 

THE   CANAL   SYSTEM. 

All  of  the  canals  of  the  Fresno  system  take  water  from  Kings  River 
above  Centerville.  Each  of  them  is  out  upon  the  upland  before  passing 
that  village.    Such  duplication  of  canal  work  seems  unnecessary. 

Each  of  these  canals  was  constructed  for  the  purpose  of  supplying 
water  to  some  particular  point  or  place  of  use;  thus,  the  Fresno  Canal 
to  irrigate  lands  in  the  immediate  vicinity  of  Fresno,  the  Kings  River 
&  Fresno  Canal  to  irrigate  a  strip  of  land  just  north  of  the  Fresno 
Canal,  the  Centerville  &  Kingsburg  Canal  to  irrigate  lands  near 
Selma,  and  the  Fowler  Switch  Canal  to  supply  water  to  the  vicinity  of 
Fowler  and  lands  westward  from  that  point.  By  reason  of  such  special 
requirement  in  each  case,  each  canal  received  an  alignment  as  direct 
as  possible  from  the  pro[)Osed  source  of  water  to  the  point  of  delivery. 
The  main  canals  were  therefore  constructed  withont  attem])t  to  hold 
them  to  any  uniform  grade.  They  have  alignments  in  the  direction  of 
the  greatest  fall  of  the  country,  and  generally,  when  their  grade  is 
excessive,  check  weirs  are  used  to  prevent  erosion.  The  flow  of  water 
in  the  Kings  River  &  Fresno  Canal  and  in  the  Centerville  &  Kings- 
burg Canal  is  thus  regulated.  The  regulation  in  the  case  of  the  Fresno 
and  the  Fowler  Switch  canals  is  only  partial.  The  water  of  the  former 
of  these  canals  in  Fancher  Creek  is  generally  8  to  15  feet  below  the 
surface  of  the  ground,  its  elevation  being  uncontrolled  by  structures. 

The  Fowler  Switch  Canal  was  constructed  on  a  very  irregular  grade 
line.  Its  ^ade,  when  possible,  was  placed  at  1.92  feet  to  the  mile, 
which  was  established  as  the  minimum  gradient.  At  some  points, 
however,  the  grade  was  no  less  than  12  feet  to  the  mile  for  short  dis- 
tances. The  dimensions  of  the  canal  were  calculated  on  a  basis  of  a 
fall  of  1.92  feet  to  the  mile,  and  were  not  modified  for  heavier  grades. 
Consequently,  canal  dimensions  where  this  grade  was  exceeded  are 
excessive.  The  canal  was  originally  constructed  withont  structures, 
either  for  the  regulation  of  its  flow  or  to  facilitate  diversion.  Rapid 
erosion  at  once  commenced  where  the  canal  bed  was  not  in  very  flrm 
material,  and  after  a  short  experience  a  limited  number  of  check  weirs 
were  put  into  it  at  the  points  where  most  required.  The  structures  in 
this  and  in  the  other  canals  of  the  district  are  very  light  timber  affairs, 
but  generally  well  adapted  for  the  purpose  which  they  are  to  serve. 

In  view  of  the  fact  that  the  irrigation  of  this  region  has  in  the  past 
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it  and  soils  are  kept  moist  by  the  water  rising  i^om  below.  Surface 
wetting  has  become  nnnecessary  in  many  sections. 

Where  land  is  held  in  tracts  of  20  to  40  acres,  as  in  the  colonies  near 
Fresno,  the  subdivisions  of  alfalfa,  vineyard,  orchard,  etc.,  are  small. 
}  The  individual  irrigator  has  but  a  small  area  of  soil  to  moisten  and, 
because  many  irrigators  in  his  neighborhood  necessarily  require  water 
at  the  same  time,  he  can  probably  command  but  a  small  flow  with  which 
to  accomplish  his  irrigation;  consequently  he  devotes  more  than 
ordinary  care  to  the  preparation  of  his  land,  and  if  the  duty  of  water 
is  not  so  high  on  his  lands  as  it  ought  to  be  the  good  will  of  the  irri- 
gator is  not  at  fault. 

The  subdivision  of  land  holdings  into  small  tracts  and  the  greedy 
absorption  of  water  at  the  outset  by  the  dry  soil  of  the  Fresno  plains 
were  the  prime  factors  which  have  controlled  methods  of  irrigation. 
That  which  most  frequently  found  favor  was  flooding  in  small  checks 
whose  surface  had  been  made  perfectly  level,  it  being  extremely  desir- 
able to  quickly  cover  the  whole  surface  to  be  wet  with  a  thin  sheet  of 
water.  Drainage  appeared  unnecessary,  as  all  surplus  water  delivered 
into  a  check  rapidly  sank  into  the  ground. 

The  area  of  these  level  checks  generally  ranges  from  one-quarter  of 
an  acre  to  2  acres.  They  are  nearly  always  made  rectangular.  In 
alfalfa  fields  the  levees  inclosing  them  are  often  made  so  flat  and  low 
that  farming  implements  can  pass  over  them.  Their  position  is  adapted 
to  the  configuration  of  the  country,  in  order  to  make  the  work  of  level- 
ing as  small  as  possible.  Irrigation  ditches  are  so  arranged  that  there 
is  an  inlet  from  a  ditch  into  each  check.  No  drains  are  provided.  All 
surplus  water  entering  a  check  is  allowed  to  sink  into  the  soil.  The 
cost  of  preparing  land  in  this  way  has  been  variously  stated  by  the 
irrigators  at  from  $15  to  $50  per  acre. 

Water  is  admitted  into  the  several  checks  through  small  gates,  or 
occasionally  through  small  sluice  boxes,  generally  constructed  of  1-inch 
redwood.  Water  in  the  irrigating  ditches  is  controlled  by  means  of 
small  g'ltes  closed  by  loose  boards  moving  easily  in  vertical  grooves. 
Sometimes  a  notched  board  is  set  across  the  ditch,  so  arranged  that  the 
notch  can  be  closed  by  means  of  a  board  upon  either  side  of  the  notch. 
j  The  system  of  flooding  in  checks  formed  by  contour  levees,  which  has 
.  found  much  favor  with  Kern  Biver  irrigators,  is  in  use  only  for  the 
irrigation  of  large  tracts  of  alfalfa,  but  where  used  in  the  vicinity  of 
Fresno  the  area  of  the  checks  is  kept  small,  rarely  exceeding  in  any 
case  3  or  4  acres,  whereas  in  the  Kern  Biver  country  the  area  of  a 
single  check  frequently  exceeds  10  acres.  Contour  levees  are  lower 
for  checks  of  smaller  area.  The  expense  of  ground  preparation  is 
greater,  but  irrigation  is  more  economical,  as  with  small  checks  much 
time  and  water  are  saved.  The  contour  levees  usually  follow  closely 
4-to-6-inch  contour  lines.  Soils  are  so  porous  that  irrigation  in  each 
check  is  complete  when  water  has  been  made  to  cover  its  whole  area, 
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otherwise  there  is  no  deviation  from  the  ordinary  practice  of  irrigation 
in  contoar  checks. 

A  third  system  of  flooding  is  sometimes  practiced,  though  it  has  not 
found  general  favor.  It  is  that  of  flooding  the  surface  with  water  from 
small  ditches  which  are  carried  along  the  tops  of  ridges,  or  very  nearly 
on  contour  lines.  The  water  of  these  is  made  to  overflow  one  or  both 
banks,  and  as  the  thin  sheet  of  water  flows  over  the  surface  it  is  guided 
and  to  some  extent  controlled  by  attendants.  Unless  the  ground  is 
very  knoUy  this  system  requires  but  little  preparation,  except  the  con- 
struction of  the  irrigating  ditches,  but  the  application  of  water  is 
attended  with  much  great'Cr  expense  than  under  the  preceding  systems. 
It  has  been  in  use  for  trees  and  vines  as  well  as  for  alfalfa. 

The  furrow  method  of  irrigation  is  growing  in  favor.  It  is  practiced 
in  many  ways,  according  to  conditions  of  surface  slope  and  crops  to  be 
irrigated.  When  water  is  to  be  supplied  to  the  surface  of  grain  land 
in  large  areas  it  is  generally  done  by  the  furrow  method.  Distributing 
ditches  supply  water  to  plow  furrows  or  to  small  temporary  ditches 
which  are  placed  so  close  together  that  water  can  readily  permeate  the 
surface  soil,  particularly  that  portion  of  it  which  has  been  loosened  by 
the  plow.  The  furrows  may  be  run  on  or  near  contour  lines  ^  they  may 
be  run  in  the  direction  of  the  greatest  slope  of  the  ground's  surface,  or 
they  may  be  run  in  parallel  lines  between  the  rows  of  trees,  vines,  corn, 
vegetables,  etc.  Sometimes  this  system  of  irrigation  is  practiced  in 
level  checks  for  trees  and  vines  in  preference  to  the  plan  of  flooding  the 
whole  surface. 

When  grain  land  is  to  be  irrigated  by  the  furrow  method  the  furrows 
are  drawn  8  to  12  feet  apart  in  the  direction  of  the  greatest  slope  of  the 
ground,  unless  this  be  so  great  that  water  flowing  in  the  fprrows  would 
cause  erosion.  Should  this  be  the  case  they  are  drawn  obliquely  to  the 
greatest  slope.  The  irrigating  ditches  are  located  on  the  ridges,  if 
there  be  any,  or  on  grade  at  intervals  of  one-half  to  one-quarter  mile 
from  near  the  upper  edge  of  the  tract  to  be  irrigated,  and  about  parallel 
with  it,  to  near  the  lower  edge  of  the  tract.  The  irrigation  commences 
at  the  highest  point  of  the  field  from  the  upper  ditch.  Water  is 
admitted  into  a  number  of  furrows,  in  which  it  flows  until  moisture 
reaches  the  next  ditch;  it  is  then  turned  into  other  furrows,  until  all 
the  furrows  between  the  first  and  second  ditches  have  been  wet. 
Hereupon  the  water  is  turned  into  the  second  ditch,  another  set  of 
furrows  is  wet,  and  so  on  until  irrigation  is  complete. 

This  system  of  wetting  from  furrows  is  practiced  for  grain  land  as 
well  before  seeding  as  when  a  growing  crop  is  to  be  irrigated.  In  the 
latter  case  the  refilling  of  small  ditches  and  furrows  that  would  other- 
wise interfere  with  harvesting  operations  adds  somewhat  to  the  expense 
of  irrigating. 

Under  the  furrow  system  of  irrigating  each  attendant  ordinarily  con- 
trols about  1^  to  2  second-feet,  and  water  is  generally  turned  ofi'  at 
IBR  18 6 
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night,  owing  to  the  difficulty  of  controlling  it  in  the  dark.  On  the 
sandy  soil  of  the  region  covered  by  the  Oenterville  &  Kingsburg 
Canal,  where  this  method  of  applying  water  has  found  more  favor  than 
elsewhere,  irrigation  progresses  at  the  rate  of  about  2  acres  per  day 
for  each  second-foot  of  water.  Each  irrigation  is  there  equivalent  to 
an  average  depth  of  one- half  foot  of  water  over  all  the  land  irrigated. 
It  should  be  stated,  however,  that  very  little  wheat  laud  is  regularly 
irrigated  on  the  Fresno  plains  at  points  where  water  must  be  applied 
to  the  surface  soil.  Irrigation  is  rather  a  last  resort  to  save  a  growing 
crop  which  the  farmer  hoped  would  mature  without  irrigation.  For 
the  regular  irrigation  of  grain  land  it  is  cnstomary  to  rely  upon  one 
irrigation  in  the  fall  of  the  year  before  plowing.  The  moisture  then 
absorbed  is  sufficient  to  supplement  the  scant  rainfall  and  make  a  good 
harvest  reasonably  certain. 

The  lack  of  natural  deep-cut  drainage  lines  through  the  lands  of  the 
Fresno  district  has  already  been  alluded  to.  Their  absence  has  made 
I>ossible  the  remarkable  filling  of  the  subsoils  with  water  and  the  rising 
of  the  ground  water  to  within  a  few  feet  of  the  surface.  Whenever 
ground  water  is  brought  so  near  the  surface  that  capillary  attraction 
and  the  hygroscopic  properties  of  soil  cause  water  to  rise  sufficiently 
high  to  moisten  the  surface  layers  of  soil,  other  methods  of  supplying 
moisture  become  unnecessary.  Crops  are  irrigated  if  ground  water  is 
permanently  held  at  this  height,  or  if  it  is  so  frequently  raised  to  this 
height  that  the  soils  under  cultivation  receive  all  the  moisture  required 
from  below.  Where  water  is  thus  brought  within  reach  of  plant  roots 
the  system  of  irrigation  is  locally  often  referred  to  as  <^  irrigation  by 
percolation.^  It  becomes  a  system  when,  as  in  the  Mussel  Slough 
country  soutji  of  Kings  River,  the  canals  at  the  proper  season  supply 
the  requisite  amount  of  moisture  to  the  cultivated  tracts  without  bur- 
dening them  with  an  injurious  surplus  during  the  rest  of  the  year. 

By  the  rising  of  the  ground-water  plane  near  Fresno  large  tracts  of 
land  have  been  permanently  moistened.  Some  are  very  thoroughly 
subirrigated,  and  in  many  instances  injuriously  so.  Belief  must  be 
sought  in  some  localities  either  by  drainage  or  by  proper  regulation  of 
the  supply  of  water  to  the  district,  whereby  the  elevation  of  the  water 
table  may  be  controlled. 

Near  the  Fresno  Canal,  about  7  miles  northeast  of  Fresno,  lands  were 
already  too  moist  in  1882  to  permit  farming  operations.  Drain  ditches 
4  feet  deep  were  then  in  use  in  Temperance  Colony  to  drain  the  sur- 
face soil.  In  1885  drain  ditches  4  to  6  feet  deep  were  in  use  in  the 
Eisen  vineyard,  5  miles  east  of  Fresno,  to  keep  ground  water  at  least 
4  feet  below  the  surface  of  the  ground.  Parts  of  the  town  of  Fresno, 
parts  of  Fresno  and  Central  colonies,  and  lands  to  the  north  and  west 
of  Fresno  may  be  cited  as  other  instances  of  the  too  close  proximity  of 
ground  water  to  the  surface. 

Some  reference  has  already  been  made  to  the  time  of  irrigating  cer- 
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tain  kinds  of  crops  and  the  amonnt  of  irrigation  accomplished  by  a 
stated  amount  of  water.  Some  further  illustration  of  the  time  when 
water  is  required  for  different  products,  and  of  the  quantity  absorbed 
by  soils  under  the  various  conditions  of  irrigation  in  this  vicinity,  may 
not  be  out  of  place  here. 

Alfalfa,  except  when  the  water  table  is  so  near  the  surface  that  soil 
is  kept  moist  from  below  during  the  entire  growing  season  of  this  plant, 
is  almost  invariably  irrigated  once  for  each  crop  of  hay  cut.  The  first 
irrigation  is  early  in  spring  and  the  first  hay  is  cut  in  May;  the  succeed- 
ing ones  at  intervals  of  about  five  or  six  weeks.  The  number  of  crops 
cut  is  generally  four;  the  average  yield  per  acre  is  1  to  1 J  tons  per  cut- 
ting. Irrigations  subsequent  to  the  first  of  the  season  are  given  either 
before  or  just  after  the  cutting  of  each  crop.  It  is  said  in  favor  of 
irrigation  before  cutting  (about  one  week  or  ten  days)  that  then  the 
ground's  surface  is  shaded,  it  does  not  bake  so  hard  in  drying,  and 
the  new  growth  of  alfalfo  is  better  able  to  withstand  the  heat  of  the  sun 
than  if  subjected  to  an  irrigation  after  the  hay  is  cured.  But,  whenever 
alfiEdfa  is  irrigated  before  cutting,  in  checks  not  perfectly  level,  water  in 
some  parts  of  these  stands  too  long  about  the  plant,  too  much  of  the 
plant  is  submerged,  and  the  quality  of  the  hay  is  impaired. 

Where  the  ground  water  is  so  close  to  the  surface  that  it  supplies  suf- 
ficient moisture  to  alfalfift  land,  occasional  floodings  are  necessary  to 
drown  gophers. 

Trees  and  vines  were,  until  the  last  few  years,  very  copiously  and  very 
frequently  irrigated  in  this  region.  Trees  were  generally  watered  three 
or  four  times  during  the  spring  and  summer;  vines  sometimes  every  two 
to  three  weeks.  The  water  during  the  first  years  of  irrigation  near 
Fresno  was,  almost  without  exception,  applied  to  the  surface,  and  the 
result  was  that  the  roots  of  trees  and  vines  frequently  failed  to  pene- 
trate into  the  subsoils,  entailing  evils  which  could  not  easily  be  cor- 
rected and  which  were  particularly  apparent  in  the  quality  of  the 
product.  The  lesson  was  not  quickly  learned,  but  there  has  been 
decided  improvement.  Less  moisture  is  supplied  to  the  surface  soils 
and  greater  care  is  taken  to  keep  the  surface  well  cultivated.  Capil- 
lary attraction  is  thus  interrupted  at  the  depth  to  which  the  plow  has 
penetrated,  less  moisture  is  brought  into  direct  contact  with  the  air, 
evaporation  is  consequently  reduced,  and  plants  are  enabled  to  get  the 
greatest  possible  benefit  from  the  moisture  already  in  the  soil.  Some 
examples  from  actual  experience  may  illustrate  how  water  is  here  used. 

On  June  16  to  17, 1882,  5  acres  of  alfalfa  in  small  checks  thoroughly 
leveled  were  irrigated  in  eight  hours,  from  6  p.  m.  to  2  a.  ul,  in  Central 
California  Colony.  The  head  of  water  used  was  0.84  second-foot.  The 
amount  of  water  absorbed  by  the  soil  was  equivalent  to  a  depth  of  0.11 
foot  over  the  entire  5  acres. 

On  the  17th  of  June,  1882,  in  Central  California  Colony,  a  supply  of 
2.26  second-feet  was  divided  into  four  parts  and  each  admitted  into  an 
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alfalfa  check  haviDg  an  area  of  1|  acres.  The  irrigation  of  the  alfalfa 
commenced  at  6  a.  m.,  and  at  4  p.  m.  the  water  had  been  made  to  cover 
the  entire  area  of  each  check.  Alfalfa  was  being  irrigated  before  cutting. 
The  checks  were  level  and  no  water  was  drawn  oft*.  The  total  amount 
supplied  was  equivalent  to  a  depth  over  all  of  0.37  foot.  The  soil  was 
sandy  loam;  hardpan  was  6  feet  below  the  surface;  ground  water  at 
about  12  feet.  Less  water  would  have  been  required  if  the  whole 
stream  had  been  admitted  in  turn  to  eacli  check. 

On  June  12, 1882,  in  Oeutral  Galifornia  Colony,  two  checks  of  alfalfa, 
290  by  130  and  290  by  200  feet,  respectively,  were  irrigated  at  the  same 
time  with  1.2  second-feet.  Water  was  applied  from  9  a.  m.  to  8  p.  m. 
The  total  amount  supplied  was  equivalent  to  a  depth  of  0.49  foot  over 
the  whole  area  of  the  alfalfa.  The  soil  was  a  sandy  loam,  with  hard- 
pan  at  1  to  2  feet.  This  alfalfa  was  to  receive  five  such  irrigations 
during  the  season. 

On  the  Gould  Ranch,  north  of  Fresno,  one  attendant  in  1882  handled 
about  1  second-foot  of  water.  With  this  amount  of  water  orchard 
lands  were  irrigated  at  the  rate  of  about  4  to  5  acres  per  day  of  twenty- 
four  hours.  The.  average  depth  of  the  water  applied  over  the  whole 
surface  of  the  orchard  was  0.40  to  0.50  foot.  The  orchard  received  two 
to  three  irrigations  x)er  season.  The  trees  of  the  orchard  are  set  about 
16  feet  apart  in  rows  24  feet  apart.  Water  was  run  in  small  ditches 
along  each  row,  and  was  made  to  stand  around  the  body  of  each  tree 
while  irrigation  was  in  progress.  The  surface  of  the  ground  was  not 
leveled  when  the  orchard  was  set  out.  The  soil  is  a  heavy,  dark  loam, 
with  hardpan  at  an  average  depth  of  5  to  7  feet. 

Lbout  4  miles  northeast  of  Selma  2  to  3  acres  of  vines  or  trees 
could  be  irrigated  in  1882  in  one  day  of  twelve  hours  with  1  second- 
foot  of  water.  The  soil  is  a  sandy  loam,  with  no  hardpan  under  it  It 
bakes  on  the  surface  in  drying.  Ground  water  was  then  some  40  feet 
below  the  surface.  The  method  of  irrigation  is  that  of  running  water 
in  furrows  between  rows.  Several  such  irrigations  -per  season  are  given 
to  trees  and  vines. 

In  the  same  vicinity  in  1882,  irrigation  of  grain  with  2  to  3  second- 
feet  was  progressing  at  the  rate  of  3  to  4  acres  per  day  of  twenty-four 
hours.  The  method  of  irrigation  was  the  furrow  method.  Furrows 
were  10  to  12  feet  apart.  The  soil  was  thoroughly  saturated  by  perco- 
lation. The  amount  of  water  absorbed  was  sufficient  to  have  covered 
the  entire  surface  to  a  depth  of  1.42  feet.  One  irrigation  at  any  time 
after  harvest  is  sufficient  to  mature  the  grain  crop  of  the  next  season. 
The  soil  is  a  sandy.loam,  which  bakes  after  wetting,  unless  cultivated 
before  drying.  Hardpan  is  not  continuous ;  where  it  does  occur  it  is 
generally  at  8  feet  below  the  surface.    Ground  water  is  at  35  to  40  feet. 

On  June  12, 1882,  in  Central  California  Colony  a  small  check  of  grape- 
vines, one-fourth  acre,  was  irrigated  in  fifty-five  minutes.  The  check 
was  level  and  all  water  standing  in  it  at  the  end  of  the  fifty- five  minutes 
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was  allowed  to  soak  into  the  ground.  The  soil  was  still  somewhat  moist 
at  the  time  this  irrigation  commenced.  The  soil  is  a  sandy  loam  1  foot 
deep,  resting  on  a  firm  hardpan,  through  which  holes  were  cut  when 
the  vines  were  set  out.  The  amount  of  water  supplied  was  0.8  second- 
foot,  and  the  total  amount  was  sufficient  to  cover  the  ground  0.25  foot 
deep.  The  vines  appeared  thrifty  and  in  splendid  bearing.  Such  irri- 
gation was  repeated  about  every  three  weeks  until  the  grapes  had 
matured. 

About  -Sk  mile  east  of  Selma,  where  the  soil  is  a  sandy  loam  10  to  25 
feet  deep,  with  ground  water  at  24  feet,  it  was  said  in  1882  that  2  acres 
of  wheat  land  could  be  irrigated  in  one  day  of  twenty-four  hours  by  one 
attendant  with  1^  to  2  second-feet  of  water,  equivalent  to  a  depth  of 
water  over  all  of  about  1.74  feet. 

The  foregoing  statements  must  not  be  accepted  as  an  indication  of 
the  ultimate  duty  of  water  on  the  Fresno  plains.  The  area  irrigated 
per  unit  of  water  will  continue  to  increase,  at  least  until  irrigation  pro- 
duces no  further  permanent  changes  in  the  elevation  of  the  ground- 
water plane. 

Without  attempting  to  express  in  detail  the  acreage  irrigated  per 
cubic  foot  per  second  of  canal  capacity  or  actual  flow  of  water,  it  may 
be  noted  that  the  total  volume  of  water  brought  to  the  vicinity  of 
Fresno  during  the  seventeen  years  1879  to  1896  would  at  a  very  low 
estimate  have  covered  to  an  average  depth  of  about  0.8  foot  per  annum 
the  entire  260,000  acres  of  the  region  through  which  the  canals  send 
their  branches.  It  would  have  covered  the  50,000  acres  to  whose  sur- 
face water  is  actually  applied  to  an  average  depth  of  4^  feet  per  annum, 
or  to  a  total  depth  of  75  feet.  Some  of  this  water  has  of  course  been  con- 
sumed  in  sustaining  plant  life,  more  has  been  evaporated,  but  the  most 
of  it  still  permeates  the  subsoils  of  the  irrigated  region  and  of  the  lauds 
to  the  west. 

WILDFLOWER. 

The  Wildflower  country  is  a  small  portion  of  the  east-side  plain  of 
San  Joaquin  Valley  just  south  of  the  Kings  Kiver  delta  lands.  Its 
limits  may  be  considered  coextensive  with  the  area  covered  by  the 
Emigrant  Canal  and  its  branches.  Sandy  soils  predominate,  the 
heaviest  being  near  Cole  Slough  in  the  southeastern  portion  of  this 
region,  and  the  lightest  along  its  northwestern  border.  The  usual  strip 
of  bad  lands,  strongly  alkaline,  is  found  at  the  south,  near  the  over- 
flow limit  from  Kings  River.  Hardpan  does  not  appear  in  a  continu- 
ous layer  undei  the  soil ;  it  is  found  in  spots  or  belts  of  small  extent, 
generally  4  to  8  feet  below  the  surface,  and  usually  but  a  few  inches 
thick. 

For  a  number  of  years  all  the  water  used  for  irrigation  near  Wild- 
flower  was  supplied  by  the  Emigrant  Canal.  As  this  canal  became 
unreliable  as  a  source  of  supply  (due  mainly  to  litigation  concerning 
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ownership  of  its  head  works),  water  from  other  canals,  the  Fowler 
Switch  and  the  Oenterville  &  Kingsburg,  was  brought  into  the  same 
district. 

The  irrigating  period  while  the  Emigrant  Oanal  was  in  fiiU  service 
continued  from  March  to  the  end  of  August.  All  the  water  of  the 
canal  during  that  period  was  apportioned  to  the  distributing  and  irri* 
gating  ditches,  and  was  allowed  to  sink  from  these  into  the  subsoils. 
The  method  of  irrigation  was  essentially  that  of  subsurface  saturation, 
which  will  be  fully  described  in  the  notes  on  the  Mussel  Slough  country. 
Alfalfa  fields  are  sometimes  subdivided  into  small  rectangular  checks 
of  one-half  acre  to  2  acres  each,  and  receive  an  occasional  flooding. 
The  surface  of  the  country  is  very  smooth,  and  no  leveling  or  smooth- 
ing of  the  surface  was  necessary,  as  at  Fresno.  All  water  delivered  into 
a  check  is  allowed  to  sink  into  the  soil,  which  readily  takes  it.  Orchards 
and  vineyards  are  irrigated,  while  water  is  available,  by  conducting  it 
between  the  rows  of  trees  and  vines  in  small  ditches.  Summer  crops 
are  irrigated  by  the  furrow  method.  Before  lands  were  irrigated 
ground  water  was  here  at  10  to  16  feet  below  the  surface;  it  has  risen, 
as  the  result  of  irrigation,  about  6  feet. 

LIBERTY  AND  MILLRACE  SETTLEMENTS. 

The  region  watered  by  the  Liberty  and  Millrace  canals  is  a  continua- 
tion of  the  Wildflower  country  westward,  and  the  same  notes  with 
reference  to  soils  apply.  Water  supply  has  usually  been  restricted  to 
a  few  months  each  year,  and  the  process  of  subsoil  saturation  has  been 
rather  slow.  Irrigation  is  accomplished  by  flooding  in  small  contour 
checks  or  by  filling  small  ditches  or  furrows  between  rows  of  trees, 
vines,  corn,  or  vegetables.  Water  is  so  freely  absorbed  by  soils  that 
no  drainage  is  necessary. 

LAGUNA  DE  TACHE  RANCHO. 

This  grant,  which  extends  southwesterly  along  the  north  side  of  the 
main  channel  of  Kings  Biver  a  distance  in  a  direct  line  of  about  25 
miles,  from  near  Kingsburg  to  Summit  Lake,  embraces  the  major  por- 
tion of  the  north-side  delta  lands.  Its  hydrographic  features  have 
already  been  dwelt  upon,  and  but  little  more  is  to  be  said  concerning 
the  use  of  water  upon  it  for  irrigation.  The  surface  of  the  ground  is 
smooth;  there  are  no  irregularities  except  such  as  have  been  produced 
by  Kings  Kiver  waters.  Predominating  soils  are  deep,  sandy  loams. 
Some  of  the  depressions  near  present  water  courses,  particularly  in  the 
northwestern  and  northern  portions  of  the  rancho,  have  sedimentary 
soil.  The  upper  portion  of  the  rancho,  along  Cole  Slough,  is  in  the 
alkaline  belt.  The  surface  slope  from  east  to  west  is  about  4  feet  to 
the  mile.  !Near  Kings  Biver  is  a  fine  growth  of  oaks.  Willow  thickets 
abound  near  the  river  in  the  southern  portion  of  the  rancho. 
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The  many  delta  streams  have  always  famished  an  abundance  of 
water  to  subsurface  strata,  so  that  depth  to  ground  water  has  never 
been  very  great — 4  to  16  feet,  varying  somewhat  according  to  locality, 
and  no  doubt  also  somewhat  with  the  seasons.  The  local  control  of 
fluctuations  in  the  elevation  of  the  water  table  is  one  of  the  features 
of  the  method  of  irrigation.  The  canal  supply  is  ample  from  February 
to  August.  Little  or  no  water  is  put  upon  the  surface  of  the  ground. 
Tracts  to  be  irrigated  have  ditches  generally  located  on  the  slight 
ridges  built  up  by  former  water  courses,  from  which  water  sinks  into 
subsoils.  Surplus  waters  are  drained  from  the  flat  depressions  between 
these  ridges  by  a  simple  system  of  drain  ditches.  Crops  irrigated  are 
principally  natural  grasses  and  cereals. 

MUSSEL  SLOUGH  COUNTRY. 

Description. — All  of  the  Kings  Biver  delta  south  of  the  main  channel 
of  the  river  and  west  of  Gross  Greek  is  commonly  known  as  the  Mussel 
Slough  country.  Many  water  courses,  locally  called  sloughs,  former 
channels  of  Kings  Biver,  course  through  this  region  from  north  to 
south.  The  heads  of  most  of  these  have  long  been  filled  with  deposits 
from  the  river.  Others  have  more  recentJy  been  artificially  closed.  A 
great  many  have  been  made  parts  of  the  distributing  system  of  the 
irrigation  works  of  this  region. 

The  surface  of  the  Mussel  Slough  country  slopes  from  northeast  to 
southwest  at  the  average  rate  of  about  4  feet  to  the  mile,  which  is 
only  about  one-half  the  fall  of  the  ground's  surface  in  the  vicinity  of 
Fresno. 

The  soil  of  this  region  is  all  sedimentary.  Most  of  it  is  sandy  loam, 
varying  somewhat  in  texture  and  color  in  different  localities.  It  is 
sandiest  toward  the  east  and  northeast;  heaviest  toward  the  west  and 
south,  where  it  merges  into  the  peaty  clays  of  the  swamp-land  belt. 
From  northeast  to  southwest,  at  Orangeville,  a  strip  of  land  several 
miles  wide  extends  through  this  region,  whose  soil  is  a  dark,  rich  loam, 
generally  considered  of  the  best  iu  the  delta.  All  soils  are  deep,  resting 
upon  subsurface  strata  of  sands  and  soft,  sandy  clays. 

Before  the  construction  of  the  irrigation  canals  in  the  Mussel  Slough 
country,  depth  to  ground  water  was  10  to  18  feet.  It  was  found  at 
greatest  depth  in  the  eastern  and  southern  x>ortioiis  of  the  delta.  Irri- 
gation very  soon  brought  the  water  table  close  to  the  surface  of  the 
ground,  and  throughout  the  irrigated  portion  of  the  south-side  delta 
it  does  not  now  sink  to  over  8  feet  below  the  surface.  It  has  an  annual 
fluctuation,  rising  during  the  spring  months  when  canals  are  full  of 
water,  and  falling  again  in  the  fall  of  the  year.  In  some  localities  this 
rise  is  so  pronounced  that  standing  water  appears  in  the  depressions, 
forming  ponds  which  do  not  entirely  disappear  until  the  close  of  the 
irrigating  season. 

Canal  system, — ^The  Mussel  Slough  country  is  supplied  with  wa**^" 
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for  irrigation  irom  Kings  and  Raweah  rivers.  The  former  sends  water 
through  the  Peoples,  Last  Chance,  Lower  Kings  Biver,  and  Bhoads 
canals  to  the  northern,  central,  and  western  portions  of  the  sonth-side 
delta,  while  Kaweah  Biver  supplies  water  to  its  eastern  portions  through 
the  Settlers  and  Lakeside  canals.  For  about  six  months  each  year, 
commencing  with  February,  Kings  Biver  furnishes  an  abundance  of 
water  for  the  canals  leading  from  it.  The  canals  from  Kaweah  Itiver 
are  not  so  copiously  supplied  with  water,  because  that  river  is  subject 
to  greater  irregularities  of  flow  than  Kings  Biver.  Their  period  of 
flow  is  not  so  long  as  that  of  Kings  Biver  canals,  aud  is  largely 
dependent  on  the  conditions  of  the  diversion  of  wat^r  at  the  head  of  St. 
Johns  Biver,  where  conflicting  interests  of  different  Irrigated  regions 
have  given  rise  to  repeated  modifications  of  natural  chaunels.  Ordi- 
narily the  flow  of  Settlers  and  Lakeside  canals  commences  in  January 
and  continues  to  the  end  of  June. 

The  total  amount  of  water  supplied  to  the  Mussel  Slough  country 
by  the  canals  above  enumerated  is  sufficient  to  cover  the  entire  area 
under  these  canals  and  their  branches  to  an  average  of  several  feet 
per  annum.  It  was  sufficient  in  1885  to  cover  the  land  which  was  then 
in  actual  cultivation  in  this  part  of  the  E^ngs  Biver  delta  to  a  depth 
of  about  4  feet. 

Irrigation  on  a  noteworthy  scale  commenced  in  1870  in  the  Mussel 
Slough  country  when  the  Lower  Kings  Biver  Canal  was  constructed. 
The  construction  and  extension  of  the  several  other  canals  quickly 
followed.  There  has  been  but  little  extension  of  the  canal  system 
since  1880. 

Each  canal  project  (with  the  possible  exception  of  the  Mussel  Slough 
Oanal)  had  its  origin  with  the  settlers  who  needed  water.  The  sole 
consideration  in  each  case  seems  to  have  been  the  securing  of  a  fairly 
reliable  water  supply  at  reasonable  cost  for  use  upon  the  lands  of  the 
projectors  of  each  enterprise.  This  circumstance  will  account  for  the 
apparent  duplication  of  canals;  for,  as  the  irrigated  area  was  extended 
and  adtiitional  lands  were  settled,  it  was  but  natural  lor  the  landowners 
of  the  new  settlements  to  construct  new  canals  aud  to  control  inde- 
pendent canal  works.  The  seven  canals  that  are  or  have  been  in  use 
in  the  Mussel  Slough  country  could  well  be  replaced  either  by  one 
main  canal  from  Kings  Biver  or,  perhaps  better,  by  one  such  canal  and 
one  fiimaller  one  from  Kaweah  Biver. 

The  canals  distribute  water  throughout  the  delta  in  a  network  of 
branches  and  natural  channels,  often  so  intertwined  that  large  areas 
are  benefited  by  the  water  of  several  canals  at  the  same  time.  It 
hap)>ens,  too,  that  lands  whose  owners  have  no  claim  upou  water  in  any 
canal  are  here  and  there  so  favorably  located  that  they  are  irrigated 
without  cost  to  owners  by  the  canals  and  ditches  of  their  neighbors. 

Method  of  irrigation. — The  rainfall  in  the  Kings  Biver  delta  is  only 
9  inches  per  annum.    Irrigation  is  necessary  for  the  successful  cultiva- 
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don  of  all  aoil  prodaots.  Cereals  and  alfalfa  were  practically  the  only 
cnltnres  &om  1870  until  1884,  More  attention  ia  now  given  to  &nit 
raising,  to  the  cnltiTation  of  the  grape,  and  to  diveraifled  fanning. 

To  prevent  wholesale  inundation  of  south-side  delta  lands  a  levee  is 
maintained  along  the  south  bank  of  the  main  channel  of  Einga  River, 
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The  inflow  of  irrigation  water  into  the  district  is  controlled  by  means 
of  regulators  in  the  heads  of  the  principal  canals.  The  Sow  of  water 
in  some  of  the  main  canals  and  in  most  canal  branches  is  sluggish, 
water  beiug  geuerally  held  at  a  very  light  grade,  often  by  use  of  check 
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Water  is  rarely  spread  over  the  surface  of  the  ground.    This  is  done 

•   only  in  seasons  when  the  supply  to  the  canals  comes  late,  or  when 

gophers  become  too  numerous  in  the  alfalfa  fields.     The  ordinary 

method  of  irrigation  may  be  described  as  a  periodical  saturation  of 

j    subsoils.    From  the  time  that  water  becomes  available  in  the  spring 

^  the  canals  and  their  branches,  as  well  ^s  small  irrigating  ditches,  are 

kept  as  full  of  water  as  the  available  supply  will  permit.    The  water 

[^    which  sinks  into  the  porous  soils  gradually  saturates  subsurface  strata, 

]    bringing  ground  water  within  reach  of  plant  life  6ud  sometimes  even 

out  upon  the  surface.    Irrigation  is  considered  complete  when  the  water 

table  has  risen  to  within  3  to  4  feet  of  the  ground's  surface,  as  this  will 

insure  a  thorough  moistening  of  surface  soils  by  capillary  attraction. 

Throughout  the  Mussel  Slough  country  the  range  of  water-table 
elevation  is  clearly  defined.  It  drops  from  its  general  ijosition  at  the 
height  of  the  irrigating  season,  about  4  feet  below  ground,  to  a  greatest 
depth  of  7  to  10  feet  during  the  fall  and  winter  months.  This  fluctua- 
I  tion  is  the  direct  result  of  irrigation,  and  it  is  more  or  less  rapid  in  the 
^  different  portions  of  the  district  according  to  the  character  of  the  soil, 
the  distance  between  irrigating  ditches,  and  other  local  conditions. 

Locally  this  method  of  irrigation  is  rarely  understood.  It  is  referred 
to  as  irrigation  by  percolation,  and  according  to  the  ordinary  concep- 
tion of  the  method  there  should  be  a  direct  lateral  horizontal  percolation 
of  water  through  surface  soils. 
I  For  the  irrigation  of  grain  or  alfalfa  it  is  customary,  if  the  land  be 
at  all  uneven  on  the  surface,  to  carry  distributing  ditches  along  the 
highest  points  of  the  ground.  From  these  the  water  is  drawn  into  irri- 
gating ditches  3  to  6  feet  wide  and  1  to  2  feet  deep,  which  are  cut  with 
a  slight  fall  out  upon  each  side  from  the  distributing  ditches,  and  are 
from  300  to  600  feet  apart.  These  irrigating  ditches  are  either  tempo- 
rary or  permanent.  If  temporary,  they  are  usually  plowed  in  after  each 
irrigation  and  reopened  for  the  next  one.  When  orchards  and  vine- 
yards are  to  be  irrigated  the  ditches  are  constructed  in  straight  lines 
between  the  rows  of  trees  or  vines,  whenever  such  arrangement  is 
possible. 

Simple  as  this  method  of  irrigation  may  appear,  it  has  its  disadvant- 
ages, not  the  least  being  directly  due  to  the  preponderance  of  the 
upward  movement  of  the  moisture  in  the  surface  soils.  The  water, 
before  moving  upward,  often  passes  for  long  distances  through  perme- 
able subsoils.  Where  ground  is  wet  by  irrigation  150  feet  from  the 
nearest  ditch,  the  water  reaching  it  must  have  passed  at  least  150  feet 
through  porous  strata,  besides  the  distance  it  may  have  had  to  sink 
originally  and  the  heiglit  it  again  rose  to  reach  the  surface  soil.  Water 
thus  permeating,  at  times  saturating,  soils  which  are  rich  in  salts  ordi- 
narUy  classed  as  alkaline,  is  sure  to  dissolve  more  or  less  of  these  min- 
eral substances,  and  it  will  retain  some  of  them  in  solution  until  sooner 
or  later  it  arrives  at  the  surface  and  there  evaporates.    Though  the 
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quantity  of  these  salts  in  solution  may  be  very  small,  they  will^  if 
present  at  all,  ultimately  become  apparent  at  the  surface,  becaase  the 
moisture  there  evaporating  is  periodically  replaced  from  below,  not 
firom  above.  Gareful  inquiry  establishes  the  fact  that  some  injury  has 
already  resulted  from  this  cause;  that  many  fields  whose  soil  a  few 
years  ago  was  of  excellent  quality  now  have  soil  too  strongly  alkaline 
to  produce  good  grain  crops,  and  that  even  alfalfa  fields  have  been 
injured.  There  seems  to  be  no  limit  to  the  extent  of  damage  which 
may  result  from  this  cause  unless  the  method  of  irrigation  be  properly 
modified. 

The  simplest  remedy  for  this  evil,  suggested  by  its  cause,  is  to  secure 
a  preponderance  of  downward  motion  of  moisture.  If  this  can  be  done, 
more  of  the  salts  leached  out  of  the  soils  by  water  will  move  downward 
away  from  the  surface  than  upward  toward  it.  The  quantity  of  alkali 
at  the  surface,  where  it  is  most  injurious,  will  necessarily  be  decreased. 
The  remedy  will  be  made  still  more  efi'ective  if  snbdrainage  be  resorted 
to — ^if  the  water  descending  to  the  subsoils  through  the  surface  soil  be 
in  large  part  carried  off  in  deep  drainage  channels. 

It  is  not  without  interest  in  this  connection  to  note  the  efiect  of  rain 
on  those  spots  of  the  plains  where  alkali  is  seen  on  the  surface  as  an 
efflorescence  or  has  formed  a  crust.  A  gentle  rain,  with  no  run-off  Irom 
the  surface,  wetting  the  ground  to  the  depth  of  a  foot  or  two,  may  dis- 
solve the  efflorescence  and  all  alkaline  crusts,  carrying  the  salts  down- 
ward into  the  soil.  But  they  return  to  the  surface  with  the  returning 
moisture,  all  of  which  is  ultimately  evaporated.  A  long-continued  rain 
may  send  water  vertically  downward  to  ground  water.  It  may  thus 
cause  a  permanent  reduction  of  alkaline  salts  at  the  surface.  Sudden 
heavy  rainfall,  dissolving  the  salts  on  the  surface,  may  carry  them  into 
natural  drainage  channels  and  permanently  remove  them  from  the  soil. 

It  remains  to  be  said  that  the  accumulation  of  alkali  at  the  surface 
is  retarded  by  thorough  tillage  and  occasional  deep  plowing.  By  till- 
age the  capillary  upward  movement  of  moisture  is  checked ;  there  is 
less  evaporatioii  from  the  surface  layer  of  soil ;  consequently,  the  amount 
of  alkali  accumulating  at  the  surface  is  minimized.  Deep  tillage  buries 
the  surface  salts,  removing  them  for  a  time  at  least  from  that  layer  of 
the  soil  where  they  are  most  injurious. 

The  cost  of  preparing  land  for  irrigation  in  the  Mussel  Slough  coun- 
try has  been  relatively  small  because  the  surface  required  no  shaping 
and  only  limited  areas  have  been  arranged  for  flooding  in  checks. 
The  cost  of  constructing  the  small  irrigating  ditches  has  been  variously 
estimated  at  from  $2  to  $4  per  acre,  and  the  annual  exi)euse  of  irrigat- 
ing at  from  25  cents  to  $1  per  acre. 
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LETTER   OF  TRANSMITTAL. 


Depabtment  of  the  Intebiob, 
United  States  Qbologhoal  Subvey, 

Division  of  HYDBoaBAPHY, 

WashingUmj  July  15^  1898. 

SiB:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Irrigation  near  Merced,  California,  by  Mr.  0.  E.  Gmnsky,  and  to  recom- 
mend that  it  be  published  as  one  of  the  series  of  pamphlets  on  Water 
Supply  and  Irrigation.  This  is  the  third  of  three  papers  relating  to 
irrigation  in  San  Joaquin  Valley,  the  other  two  being  I^os.  17  and  18  of 
the  series.  This  paper  describes  the  irrigation  systems  deriving  their 
water  supply  from  San  Joaquin,  Ghowchilla,  Merced,  Tuolumne,  Stan- 
islauSy  and  Mokelumne  rivers. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge, 
Hon.  Ohables  Ej.  Walcott, 

Director  United  States  Geological  Survey. 


IRRIGATION  NEAR  MERCED,  CALIFORNIA.^ 


By  0.  B.  Gbunsky. 


SAN  JOAQTJIK  RIVER. 
HYDROGRAPHY. 

San  Joaquin  River  enters  San  Joaquin  Valley  from  the  east  at  a 
point  about  20  miles  northeast  of  Fresno,  flows  southwesterly  55  miles 
to  the  valley  trough,  and,  entering  the  lowlands  of  the  Fresno  Slough 
country,  turns  at  Las  Juntas  abruptly  to  the  northwest  and  becomes 
the  main  drainage  channel  of  the  valley.  For  40  miles  below  Hampton- 
ville,  the  point  at  which  the  river  enters  the  main  valley,  its  course 
lies  through  narrow  strips  of  bottom  land  hemmed  in  by  bluffs  rising 
to  the  plains  above.  These  bluffs  are  generally  one-half  mile  to  a  mile 
apart  and  descend  abruptly  toward  the  river  from  a  very  smooth- 
surfaced  plain.  They  gradually  decrease  in  height  toward  the  west, 
their  height  being  about  60  feet  near  the  eastern  edge  of  the  valley  and 
40  feet  near  Herndon.  Before  the  river  reaches  Las  Juntas,  20  miles 
by  river  below  Herndon,  the  bluffs  have  disappeared  entirely,  and  the 
flood  waters  of  the  river  sweep  across  country  to  the  southwest  into 
Fresno  Swamp  and  to  the  northwest  in  a  direction  down  the  valley 
parallel  with  the  river. 

Bottom  lands  of  small  extent  flank  the  river  between  its  bluffs,  but 
have  remained  unirrigated.  The  upland  of  the  main  valley  plain  is  so 
high  above  the  river  near  the  eastern  border  of  the  valley  that  canals 
to  command  the  upland  would  be  very  costly,  and  none  have  been  con- 
structed, though  several  have  at  various  times  been  projected.  The 
diversion  of  water  for  irrigation  is  confined  to  that  i)ortion  of  the  river 
lying  in  or  near  the  main  valley  trough. 

The  area  of  the  river  drainage  basin  above  the  point  where  it  breaks 
from  the  Sierra  Kevada  is  1,637  square  miles.  This  entire  area  is 
mountainous.  It  extends  eastward  to  the  summit  of  the  Sierra  Nevada, 
70  miles  of  this  summit,  measured  in  a  direct  line,  being  tho  eastern 
limit  of  the  river's  drainage  basin. 

The  river  is  ordinarily  at  its  highest  stage  in  the  spring  months,  gen- 
erally in  May  and  June;  but  winter  freshets  are  not  uncommon,  and 
extreme  floods,  such  as  those  of  1861-62  and  1867-68,  have  occurred  in 
winter.  The  flow  of  the  river  at  Hampton  ville,  near  the  eastern  border 
of  San  Joaquin  Valley,  was  approximately  determined  by  the  State 

I  Sm  intioductory  remarks  In  Water-Sapply  Paper  Ko.  17,  p.  18. 
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[no.  10. 


engineer  of  California  for  the  years  1878  to  1884.*  A  mean  monthly 
flow  for  November  of  378  second-feet  and  a  mean  monthly  flow  for 
Jane  of  10,150  second-feet  were  the  extremes  indicated  by  these 
measurements. 

The  river  is  ordinarily  at  a  low  stage  from  September  to  the  end  of 
December.  It  is  at  a  medium  stage,  with  a  flow  in  excess  of  1,000 
second-feet,  from  January  to  March  and  in  July  and  August.  It  is 
high  from  April  to  July.  These  periods  are,  however,  to  be  taken  only 
as  a  general  guide,  because  the  flow  of  this  stream  varies  within  wide 
limits,  according  to  the  varying  conditions  of  rainfall  and  temperature 
of  each  season. 

The  Southern  Pacific  Company  have  maintained  daily  readings  of 
gage  height  on  this  river  since  1879  at  their  bridge  half  a  mile  north 
of  Hemdon  and  12  miles  north  of  Fresno.  Since  1895  the  United  States 
Geological  Survey  has  been  taking  measurements  of  discharge  from  the 
wagon  bridge  near  by.  The  results  of  these  measurements  are  pub- 
lished in  various  reports  of  the  Survey .* 

The  following  facts  in  regard  to  the  flow  of  the  river  are  brought  out: 

1895.  Mazimnm  discharge.  May,  19,960  second-feet;  minimuin,  September,  Octo- 
ber, November,  and  December,  260  second-feet;  average  for  the  year,  3,791  second- 
feet. 

1896.  Maximum  discharge.  May,  18,800  second-feet;  minimnm,  September  and 
October,  80  second-feet;  average  for  the  year,  2,756  second- feet. 

1897.  Maximum  discharge.  May  24,  18,600  second- feet;  minimum,  December  23, 
60  second-feet;  average,  3,105  second-feet. 

EBtimated  monthly  discharge  of  San  Joaquin  River  at  Hemdon,  CdHfomia,^ 

[Drainage  area,  1.687  square  milea.] 


Month. 


1896. 

Jannary 

February 

March 

April 

May 

Jane 

July 

Auiniat 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


11,226 

8,600 

0,818 

0,863 

10,060 

14.666 

8,000 

2,801 

8,500 

1,260 

426 

677 


10,060 


Minimum. 


1,260 

009 

1.564 

3,864 

6,100 

7.250 

2,148 

703 

260 

360 

260 

260 


Mean. 


2,881 

2,668 

2,779 

5.884 

13,124 

10,674 

4,528 

1.417 

1,086 

420 

862 

373 


260-         8,791 


Total  in 
acre-feet. 


177,102 

142,690 

170, 840 

816,600 

807,000 

609,404 

278, 410 

87,104 

64,667 

26,846 

25.662 

22,006 


2,717,030 


Run-off. 


Depth 
in  inches. 


2.029 

1.634 

1.067 

8.626 

0.243 

6.866 

8.180 

.097 

.740 

.206 

.247 

.262 


31.086 


Second- 

feet  per 

square 

mile. 


1.760 

1.569 

1.697 

8.564 

8.017 

&620 

8.766 

.866 

.663 

.257 

.221 

.228 


2.334 


I  See  Physical  DaU  and  Statistics,  Wm.  Ham.  Hall,  SUte  engineer  of  California,  1886,  pp.440, 476. 

*  Twelfth  Ann.  Kept.,  Part  II,  1801,  p.  821,  PI.  LXXXIV;  Bull.  No.  131,1805,  p.  81;  BuU.  No.  140, 
1806,  p.  200;  Eighteenth  Ann.  Kept.,  Part  IV,  1807,  p.  385;  WaterSupply  and  Irrigation  Paper  No.  11, 
1897,  p.  81 ;  Water-Snppiy  and  Irrigation  Pajier  No.  16, 1898,  p.  190. 

*In  using  results  shown  In  these  tables  of  discharge,  some  allowance  must  be  made  for  uncertainty 
as  to  the  permanency  of  stream  cross  sections  on  which  rating  tables  were  based.  A  slight  change 
in  absolute  elevation  of  river  bed  at  the  rating  station,  if  known,  would  modify  the  rating  table,  par- 
ticularly  for  low-water  stages.  Lack  of  information  on  this  point  may  lead  to  erroneous  conclusions. 
The  flow  of  San  Joaquin  Biver  at  Hemdon  has  probably  never  dropped  to  60  onblo  feet  per  second. 
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EaUmaied  monthly  diaoharge  of  San  Joaquin  River  at  Herndonj  California — Continued. 


Month. 


1896. 

January 

Febmaiy 

March 

April 

May 

June 

July 

AueuBt 

8ei»ember 

October 

November 

December 

The  year 

1897. 

Jannary  

Febrnaiy 

March 

April 

May 

June 

July 

Angnat 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximnm. 


12,800 
1,750 

12,176 
6,648 

18,800 

16,920 
8,060 
1,300 
1,180 
700 
2,390 
1,750 


18,800 


Minimum. 


1,180 

16,660 

4,600 

11,706 

18,600 

12,332 

4,800 

1,300 

585 

820 

4,300 

4,000 


18,600 


250 

960 

1,180 

1,920 

2,560 

6,544 

1,600 

70O 

80 

80 

430 

480 


80 


635 

1,180 

1,675 

2,305 

9,565 

2,890 

1,800 

500 

106 

105 

120 

60 


60 


Mean. 


2,119 

1,177 

2,612 

2,675 

5,894 

11,799 

4,177 

1,048 

534 

167 

697 

A4UI 


2,756 


656 

2,596 

2,825 

6,541 

18,645 

5,862 

2,493 

896 

227 

279 

872 

968 


8,106 


Total  in 
acre-feet. 


130,836 

67,696 

160,649 

150,192 

881,700 

702,106 

256,865 

64,463 

31, 817 

10,275 

41,492 

40,967 


1,997,547 


Bun-off. 


40,275 

144,286 

142,960 

389, 216 

832.855 

348,812 

158,290 

65, 216 

18,507 

17, 155 

51,887 

59, 520 


2,246,979 


Depth 
in  inches. 


1.49 

.77 

1.84 

1.83 

8.81 

8.00 

8.04 

.74 

.37 

.12 

.48 

.47 


22.96 


.46 

1.66 

1.64 

4.46 

9.54 

3.96 

1.76 

.63 

.16 

.20 

.69 

.68 


26.75 


Second- 
feet  per 
square 
mile. 


L29 

.72 

1.60 

1.64 

8.30 

7.21 

2.66 

.64 

.33 

.10 

.43 

.41 


1.69 


.40 

1.60 

1.42 

4.00 

8.27 

8.67 

1.62 

.55 

.14 

.17 

.58 

.59 


1.90 


For  several  miles  below  the  western  base  of  the  Sierra  Nevada  foot- 
hills ledges  of  rotten  granite  appear  in  the  bed  of  the  river;  these  are 
often  covered  to  considerable  depth  by  sand  and  gravel  bars.  The 
river  channel  is  here  generally  300  to  600  feet  wide.  From  Hampton- 
ville  to  Herndon  it  falls  89  feet  in  20  miles;  thence  to  Las  Juntas  about 
36  feet  in  a  distance  of  about  36  miles.  Below  Herndon  the  low- water 
flow  is  between  sandbars.  After  passing  Las  Juntas,  where  thie  river 
is  joined  by  Fresno  Slough,  it  becomes  the  main  drainage  line  of  San 
Joaquin  Valley.  It  has  not,  however,  been  a  rapid  land  builder,  and 
the  elevation  of  river  banks  is  but  slightly  greater  than  that  of  the 
general  surface  of  the  submersible  area  which  flanks  the  stream. 

From  Las  Juntas  to  the  head  of  Old  Biver,  where  the  river  bifurcates, 
the  distance  in  an  air  line  is  87  miles.  The  river  between  these  points 
has  a  length  of  146  miles.  Its  average  width  is  400  feet,  and  the  depth 
of  its  channel,  from  top  of  natural  banks  to  river  bed,  is  12  to  18  feet. 
There  is  a  slight  slope  of  bank  lands  away  from  the  river,  except  at  a 
few  points,  where  the  river  impinges  upon  spurs  of  upland  that  extend 
eastward  from  the  Coast  Bange  foothiUs,  notably  at  Grayson  and  near 
San  Joaquin.  The  river  bottom  is  generally  clean  sand,  but  a  firm 
clay  is  here  and  there  exposed.  Biver  banks  are  of  quite  firm  alluvial 
material,  showing  but  little  tendency  to  cave.  They  are  lightly  fringed 
with  willows  and  cottonwoods  and  occasionally  oaks. 

The  land  upon  either  side  of  the  river  subject  to  periodical  flooding 
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is  generally  open  cotmtry,  througboat  Thich  clamps  of  wJlloTS  mu'k 
the  alignment  of  sloDghs,  as  the  oyerlloT  channels  from  the  river  are 
called.  Tule  grows  in  spots  where  high  bank  lands  along  the  slougha 
or  river  have  penned  in  water  or  anfficiently  retarded  drainage  to  keep 
the  sar6w%  moist  throngbont  the  year.  Oaks  are  dotted  over  some 
Itortions  of  this  region,  bnt  rarely  appear  in  dense  groves.  The  main 
east-side  and  west-side  plains  have  been  deacribed  in  Water-Sapply 
Paper  So,  17,  on  page  15, 


no.  1 DinchvgeotSao  Jsaqoln  Rlrsr  at  Hemdoii,  Cillfornla,  IBBC-M 
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CANALS  AND  DITCHES. 

JIfper  Ban  Jo4iguin  River  OanaL — ^This  work  has  not  been  a  success. 
The  construction  of  the  canal  commenced  in  1879.  It  was  pushed  for 
some  time,  until  about  $85,000  had  been  expended  on  it;  several  years 
then  passed,  during  which  little  or  no  work  was  done.  A  new  com- 
pany finally  took  hold  of  the  enterprise,  expending  about  $300,000  on  a 
dam  at  the  head  of  the  canal  and  on  the  main  canal  above  Hemdon. 
Their  dam  was  completed  in  the  fall  of  1883  and  was  maintained 


Fio.  2.  —Head  of  Upper  San  Joaqnin  Blver  Caoal,  on  San  Joaquin  Birer,  1888. 

with  dlfBculty  for  several  years,  during  which  time  a  little  water  was 
forced  through  the  canal  and  out  upon  the  upland  near  Herndon. 
About  1887  the  work  was  abandoned. 

The  head  of  the  canal  is  about  one-half  mile  below  Hamptonville,  at  a 
point  where  the  river  is  nearly  900  feet  wide.  The  river  bottom  is  sand, 
about  20  feet  deep,  resting  upon  a  rotten  granite  formation.  A  loose-rock 
diverting  dam  was  constructed  at  this  point  to  a  height  of  about  8 
feet  above  low  water.  It  was  proposed  to  allow  the  river  to  flow  over 
this  fh)m  bank  to  bank.  The  material  used  for  the  dam  was  rock  as 
quarried  from  a  spur  of  granite,  cobbles,  and  graveL    All  material  was 
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damped  into  place  from  small  cars.  No  attempt  seems  to  have  been 
made  to  secure  large  blocks  of  stone,  and  all  rock  fragments  ordinarily 
classed  as  quarry  waste  went  into  the  structure.  The  largest  stone 
(maximum  size  about  1^  cubic  yards)  was  dumped  downstream  to  form 
a  face  that  should  resist  the  force  of  overfalling  water.  As  the  lower 
face  rock  dropped  into  place  the  river  cut  out  the  sand  in  its  bed,  thus 
permitting  at  least  the  toe  of  the  structure  to  find  a  solid  formation. 
The  upstream  face  was  formed  of  fine  quarry  waste,  cobbles,  and  gravel. 
Trestle  piles  which  carried  the  car  track  were  allowed  to  remain  in 
place  and  the  downstream  crest  edge  of  the  structure  was  protected  by 
three  layers  of  planking.  Other  expedients,  such  as  extending  an  iron 
plate  over  the  upper  portion  of  the  downstream  slope  for  its  protection, 
were  tried,  but  experience  soon  demonstrated  the  difficulty  of  main- 
taining a  loose-stone  dam  in  a  river  of  considerable  flow.  Even  the  later 
reconstruction  of  the  downstream  face  of  the  dam  with  large  blocks  of 
stone,  hand  laid,  and  its  partial  protection  with  fascines  could  not  make 
the  structure  permanently  secure  and  the  river's  freshets  repeatedly 
cut  out  sections  of  it. 

Exx)erience  with  the  canal  itself  was  equally  unfortunate.  Its  course 
for  several  miles  is  along  and  across  the  river  bottoms,  thence  for  9  miles 
it  hangs  on  the  steep  descent  or  bluff,  from  south-side  upland  to  river, 
and  finally  cuts  out  to  the  higher  level  of  the  upland  a  few  miles  above 
Hemdon.  Near  its  head  the  canal  has  a  bed  width  of  75  feet.  Its 
total  fall  in  the  first  4  miles  does  not  exceed  1  foot.  Along  the  bluff  it 
received  somewhat  irregular  dimensions.  It  was  intended  to  carry 
water  5  feet  deep.  Its  bed  width  was  generally  24  feet,  side  slopes  3  to 
1,  and  its  gradient  one-quarter  to  1  foot  fall  to  the  mile.  It  was 
endeavored  to  make  sidehill  cutting  supply  material  for  an  outer  levee? 
whose  slope  away  from  the  canal  was  the  natural  slope  of  the  material 
used  in  its  construction,  generally  between  1^  to  1  and  2  to  1.  Some  of 
the  excavated  material  was  removed  by  blasting,  being  in  firm  layers 
of  very  hard  clay  or  ashy  sandstone.  These  firm  materials,  alternated 
with  soft  ashy  deposits  or  a  reddish  loaui  material,  did  not  make  a  safe 
levee,  and  great  trouble  was  experienced  in  making  this  levee  hold 
water. 

Water  was  furnished  through  the  canal  long  enough  to  encourage 
some  tree  planting  and  diversified  farming,  but  not  much  progress  had 
been  made  when  the  canal  fell  into  disuse. 

Madera  irrigation  district. — This  irrigation  district  is  located  on  the 
east-side  plain  of  San  Joaquin  Valley,  to  the  north  of  San  Joaquin 
Eiver.  The  district  was  organized  in  1888  and  was  to  be  supplied  with 
water  from  San  Joaquin  River.  Notwithstanding  active  opposition, 
the  necessary  bonds  were  voted  and  the  legality  of  the  district  organi- 
zation was  affirmed  by  the  courts.  It  was  proposed  to  take  water  from 
the  north  side  of  San  Joaquin  River  near  the  point  where  it  leaves  the 
hills,  but  no  construction  work  was  done.    Operations  were  blocked 
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by  legal  proceedings,  and  after  many  long  delays  it  was  decided  to  dis- 
organize, which  has  been  done.  The  district  had  an  area  of  305,000 
acres,  and  the  amoant  of  bonds  voted  for  construction  of  works  was 
$850,000. 

ChowchiUa  OanaL — ^This  canal,  which  was  constructed  in  1872,  has  its 
head  on  the  north  side  of  San  Joaquin  Eiver  about  8  miles  by  river 
above  Las  Juntas.  Its  course  is  slightly  west  of  north,  almost  parallel 
with  the  main  drainage  of  the  valley,  and  for  a  distance  of  over  20  miles 
it  commands  a  strip  of  land  averagings  miles  in  width,  which  is  bordered 
on  the  west  by  San  Joaquin  Eiver. 

The  river  at  the  head  of  the  canal  lies  in  several  channels,  one  of  which 
sends  off  a  branch  toward  the  north,  known  as  Lone  Willow  Slough. 
The  river  banks  at  the  head  of  this  slough  rise  about  15  feet  above  the 
low- water  plane.  By  deepening  the  slough  and  constructing  a  gate  in 
it,  near  its  head,  it  was  co^ verted  into  a  section  of  the  canal,  and  from  it, 
about  2  miles  below,  water  was  turned  into  the  artificial  canal.  The 
canal  was  made  30  feet  wide  on  the  bottom  and  2^  feet  deep  near  the 
point  where  it  leaves  Lone  Willow  Slough.  But  these  dimensions  are 
maintained  for  3  to  4  miles  only.  The  width  is  then  gradually  reduced 
to  25,  to  20,  and  finally  to  15  feet.  In  its  northerly  course  of  nearly  30 
miles  the  canal  follows  a  grade  line  having  a  fall  of  6  inches  to  the  mile. 

Mr.  J.  D.  Schuyler,  as  assistant  State  engineer  in  1879,  describes  the 
difficulties  of  canal  construction  and  the  canal  head  gate  as  follows :  ^ 

The  total  ooet  of  the  canal  was,  in  round  nambers,  $100,000.'  The  toagh  character  of 
the  excavation,  the  greater  portion  of  the  distance  rendering  the  f^ee  use  of  blasting 
powder  necessary,  greatly  increased  the  cost  over  that  of  ordinary  earthen  channels 
of  like  dimensions. 

The  treacherous  character  of  the  quicksand  bed  at  the  head  of  the  canal  has  made 
it  an  exceedingly  difficult  task  to  construct  a  head  gate  that  would  withstand  the 
action  of  floods.  For  four  successive  seasons  after  the  building  of  the  ouial  the 
head  gate  was  washed  out,  and  as  often  replaced  by  a  new  structure  on  a  different 
plan. 

In  the  fall  of  1877  the  present  structure,  which  has  withstood  severe  tests,  and 
gives  every  evidence  of  permanence,  was  built.  As  this  structure  has  some  novel 
features,  and  its  plan  is  indorsed  by  its  success,  it  deserves  a  brief  description,  llie 
use  of  sheet  piling,  generally  considered  indispensable  to  the  safety  of  structures  of 
this  kind,  was  in  this  instance  abandoned.  The  foundation  was  prepared  by 
spreading  a  layer  of  loose  sandstone,  one  or  two  feet  thick,  evenly  laid  on  the 
quicksand.  Upon  this  a  floor  of  2-inch  plank,  without  sills,  was  laid  across  the 
axis  of  the  canal,  to  which  was  spiked  another  layer  of  plank  laid  lengthways. 
This  floor  was  placed  6  feet  below  the  level  of  the  bed  of  the  river,  and  upon  it  was 
built  the  structure  of  10  by  10  timbers,  having  a  length  of  60  feet,  a  width  of  '3 
feet,  and  a  height  of  10  feet  of  clear  waterway.  The  whole  was  weighted  with  an 
embankment  of  earth,  10  feet  high,  placed  on  top  of  the  structure,  the  w^eight 
exceeding  500  tons.  The  sluiceways  or  regulating  gates  were  placed  5  feet  from  the 
upper  end  of  the  floor,  the  space  of  5  feet  in  front  being  occupied  by  a  box  of  heavy 
timbers  filled  with  rock  and  floored  over,  the  top  being  1  foot  below  the  bed  of  the 

■See  Beport  of  State  Engineer,  1880,  Wm.  Ham.  Hall,  Part  lY,  Appendix,  p.  178. 
*  This  is  believed  to  be  an  over  estimate.    The  original  total  cost  of  the  main  canal  was  probably 
nearer  $50,0(H)  than  $100,000. 
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river.  The  water  eomeB  into  the  cftoal  therefore  with  a  free  overfall  of  6  feet.  In 
lien  of  heavy  solid  teguluting  gates  which  are  difficult  lo  raise  and  lowei,  loond 
planks  6  feet  long  placed  in  groores  in  the  vertical  posts  are  used.  They  are 
removed  by  a  donble  hook  which  engages  on  au  iron  piu  passing  throngh  the  planks 
and  projeotiug  two  or  three  inches  on  each  side.  A  rope  and  windtawi  assists  in 
nosing  the  planks  to  the  top.  The  cost  of  this  Btruotnro  was  $3,300,  ot  which 
•2,000  WM  expended  in  laying  the  fonudatiou. 

There  is  no  veir  or  dam  in  the  river  to  aid  in  accomplisbiug  diver- 
sion of  water  into  the  canal,  bot  the  canal  bed  is  belov  the  low-water 
plane  of  tbe  river  (reported  to  be  6  feet  below),  affording  a  fall  from 
river  to  canal  which  insnres  it  a  fall  sapply  of  water. 


FRONT 


'lEW 


LDNaiTUDINAL    SECTION 


mtSIL^ 


i^o^^Bi-e  s-a/r- 


PLAM.  SKOWINS  OWE  POSTS 
-Flu  ud  Htctloa  at  CbowflLllla  Cuwl  regnlnUtr. 


The  head  gate  above  described  is  located  iu  Lone  Willow  Slongh, 
about  100  feet  from  the  river  bank.  A  second  regulator  is  maintaiued 
in  the  head  of  the  artificial  canal,  and  the  lower  portion  of  Lone  Willow 
Slongh  is  nsed  as  a  channel  for  waste  water. 

The  oaual  crosses  the  natnral  drainage  of  the  east-side  plain,  a  loca- 
tion which  has  at  times  made  maintenance  and  repair  expensive,  owing 
to  the  frequent  destruction  of  canal  banks  b;  the  water  reaching  the 
canal  from  the  east.  At  the  crossings  of  Oottonwood  Creek,  Fresno 
Biver,  Berenda  Slongh,  and  Ash  Slough  the  canal  ia  left  open  toward 
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the  east,  and  an  outlet  g^ate  in  its  west  or  lower  bank<permits  the  pas- 
sage of  the  creek  waters  when  they  are  swollen  by  freshets. 

The  canal  is  owned  jointly  by  the  Miller  &  Lax  Company  and  the 
California  Agricultoral  and  Pastoral  Association.  The  interests  of  the 
two  concerns  are  equal  to  the  point  where  the  canal  leaves  the  lands 
owned  by  the  former ;  below  that  point  the  latter  is  sole  owner. 

The  canal  capacity  near  its  head  is  from  100  to  200  second-feet.  Its 
water  is  now  used  largely  for  the  irrigation  of  alfalfa,  although  when 
first  undertaken  the  work  was  intended  principally  for  stock  purposes. 
The  place  of  use  is  on  the  Eiverside  and  Columbia  ranches  of  the 
Miller  &  Lux  Company  and  on  the  Chowchilla  Eanch  of  the  California 
Pastoral  and  Agricultural  Association.  No  water  is  sold  from  this 
canal,  it  being  all  required  for  use  on  the  three  tracts  named. 

The  total  area  of  alfalfa  land  now  under  irrigation  is  about  7,000 
acres,  nearly  equally  distributed  to  the  three  tracts  named.  On  the 
Chowchilla  Eanch  works  have  recently  been  constructed  for  extensive 
irrigation  of  grass  lands.  These  consist  of  high  well-built  levees 
extending  from  the  high  bank  land  of  San  Joaquin  Biver  eastward  far 
out  upon  the  plain.  These  levees,  six  in  all,  are  about  a  mile  apart, 
and  each  is  equipped  with  a  large  so-called  <<  stop  gate."  These  gates 
are  similar  to  the  check  weirs  in  ordinary  use  on  large  canals.  The 
largest  are  40  feet  wide,  and  some  of  these  are  reported  to  have  cost 
$1,500  each.  Each  of  these  gate  structures  supports  a  bridge.  They 
are  used  to  restrain  water  until  the  submersible  area  above  each  is 
covered  with  water,  which  then  flows  through  the  gate  to  the  next  tract 
to  be  inundated.  For  this  grass-land  irrigation  the  flow  of  the  canal 
and  the  natural  flow  of  the  streams  intercepted  by  it  supplement  the 
flow  of  the  Blyth  Canal,  hereinafter  referred  to. 

The  method  of  irrigating  alfalfa  lands  is  by  flooding  in  contour  checks. 
The  check  levees  on  the  Chowchilla  Eanch  were  originally  made  high 
and  had  exceptionally  steep  side  slopes.  The  areas  of  the  compartments 
or  checks  ranged  from  20  to  100  acres.  They  were  altogether  too  large 
for  the  available  water  supply.  It  was  at  first  attempted  to  make  the 
gates  through  the  check  levees  serve  as  roadways  for  teams  and  farming 
implements,  but  this  idea  soon  proved  impracticable.  The  advantage 
of  reducing  check  areas  and  of  making  low  flat  levees  has  long  been 
recognized  by  the  managers  of  the  proi>erty,  and  the  original  defects 
in  the  irrigation  system  have  in  a  measure  been  remedied.^  The  Eiver- 
side Eanch  receives  its  water  through  a  branch  canal  which  was  con- 
structed in  1884.  This  branch  is  taken  out  of  Lone  Tree  Slough  about 
1^  miles  below  its  head  and  closely  follows  the  river.  It  has  a  length 
of  about  8  miles.  The  soil  on  the  Eiverside  and  Columbia  ranches  is  a 
heavy  black  loam.  The  original  practice  was  to  subdivide  into  irregular 
checks  of  10  to  50  acres  by  means  of  high,  steep  levees.  It  was  found 
necessary  to  make  use  of  natural  sloughs  and  waterways  to  carry  off 


'See  Beport  of  SUte  Engineer,  Wm.  Ham.  Hall,  1880,  Part  IV,  Appendix,  p.  177. 
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surplus  waters  from  the  many  low  spots,  which,  on  account  of  the  light 
slope  of  this  section  of  the  valley,  could  not  otherwise  readily  be 
relieved  of  standing  water.  The  gates  in  use  in  the  irrigating  ditches 
and  to  control  the  flow  of  water  from  one  check  into  another  are  some- 
what peculiar.  They  are  built  without  the  use  of  sheet  piling  or  its 
equivalent  and  without  wings,  but  seem  to  stand  well  in  the  firm  soil. 
After  a  number  of  years  of  experience  the  management  of  the  Biver- 
side  and  Oohimbia  ranches  has  learned  its  lesson  and  the  large  checks 
are  being  subdivided.  A  few  acres  in  each  compartment  are  preferred, 
and  levees  are  made  low  and  broad,  generally  18  inches  high  on  a 
12-foot  base. 


Fig.  4.— Head  of  San  Joaqain  &  Kings  River  Canal. 

The  lands  adjacent  to  this  canal  for  about  15  miles  of  its  length, 
intermediate  between  the  Columbia  and  the  Ohowchilla  properties,  are 
practically  worthless  for  agricultural  purposes.  The  soil  is  shallow;  it 
lies  on  a  sandstone-like  hardpan  and  can  produce  but  a  scant  growth 
of  grass. 

San  Joaquin  &  Kings  River  Canal. — This  is  one  of  the  most  impor- 
tant of  the  canals  in  San  Joaquin  Valley.  It  commands  a  large  portion 
of  the  west-side  plain.  Its  head  is  just  below  Las  Juntas,  the  point 
where  Fresno  Slough  unites  with  San  Joaquin  River,  about  9^  miles 
above  Firebaugh.    At  that  point  a  small  island  divides  the  river  into 
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two  channels,  of  which  the  lesser  one,  aboat  50  feet  wide,  lies  at  the 
west.  Into  this  lesser  channel  a  structure  with  falling  dam,  47  feet 
between  side  walls,  has  been  built  to  facilitate  the  passage  of  steamboats. 
(See  PI.  I.)  In  the  other  channel  a  brush  diverting  dam  about  350  feet 
long  is  maintained,  which  holds  water  at  all  stages  about  6  to  8  feet 
above  the  river's  natural  low-water  plane.  The  inflow  into  the  canal  is 
controlled  by  means  of  a  gate  47^  feet  between  walls,  which  is  bridged 
over.  The  space  between  walls  is  subdivided  by  gate  and  bridge  posts 
into  six  divisions,  each  of  which  can  be  closed  by  means  of  drop  tim- 
bers.   (See  PL  II.) 

This  regulating  gate  and  the  steamboat  chute  required  much  pile 
work  and  sheet  piling  to  afford  them  support  and  protection.    The 
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brash  dam,  as  is  the  case  with  all  structures  of  its  type,  must  be 
repaired  and  raised  annually  after  the  spring  high  waters.  It  will  thus 
appear  that,  notwithstanding  the  apparent  simplicity  of  arrangement  of 
head  works,  their  construction  and  maintenance  have  been  expensive. 

The  construction  of  this  irrigation  work  commenced  in  1871,  and  in 
that  year  the  canal  was  excavated  to  Los  Baiios  Creek,  a  distance  of 
38  miles.  It  was  extended  in  1877  and  1878  to  Orestimba  Greek,  and 
its  present  terminus  is  but  a  few  miles  farther  south.  Canal  construc- 
tion was  undertaken  by  a  corporation  which  proposed  not  only  to 
supply  water  to  irrigators,  but  also  to  make  a  practical  demonstration 
of  the  advantages  of  irrigation  by  operating  a  farm  of  its  own.  The 
land  selected  for  farming  purposes  was  very  carefully  prepared  for 
irrigation,  and  the  water  was  to  be  brought  to  the  soil  from  irrigating 
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ditches  in  a  Bystem  of  cross  furrowis.  Tbe  experimeut,  involving  the 
introdactioD  of  methods  that  may  be  Buccessful  in  India,  where  labor 
is  abnndant  and  cheap,  proved  a  complete  failure,  and  seems  to  have 
brought  the  entire  canal  project  into  temporary  bad  reput«.  While 
the  afi'aira  of  the  canal  company  were  thns  in  a  deplorable  condition  it 
wae  easy  for  the  firm  of  Miller  &  Lax  to  acqnire  a  controlling  interest 
in  the  canal  stock,  and  to  become  in  time  practically  tbe  sole  owners 
of  the  canal.  This  firm  had  already  made  special  contracts  for  water 
for  their  exteusive  holdings  at  rates  below  tliose  to  be  established  for 
other  water  takers,  granted  in  retnm  for  right-of-way  concessions,  and 
it  was  soon  apparent  that  the  snccessfal  operation  of  the  canal  would 
depend  upon  them  alone. 

Although  the  general  demand  for  wat«r  did  not  increase  rapidly,  and 
although  comparatively  few  of  the  renters  of  land  from  Messrs.  Miller  & 
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Lax  succeeded  in  making  sufficient  profit  to  purchase  the  lands  farmed, 
the  coosumption  of  water  fi-om  the  canal  gradually  increased,  the 
increase  being  notably  due  to  its  extensive  use  on  alfalta  and  pasture 
lands  of  the  big  cattle  firm,  and  reached  about  34,000  acres  in  1882  and 
1883.  The  area  to  which  water  is  actually  applied  varies,  according  to 
tbe  character  of  the  Beaaou,  within  wide  limits.  It  was  only  14,000  acres 
in  1886  and  12,300  acres  in  1890,  because  the  preceding  winters  were 
wet.  It  reached  38,600  acres  in  1894,  and  may  be  rated  at  about  27,000 
acres  on  an  average. 

The  system  of  water  distributed  to  irrigators  has  not  been  calculated 
to  increase  the  duty  of  water,  and  will  account  in  large  measure  for  the 
relatively  small  area  actually  irrigated  by  a  work  of  suish  great  extent 
OS  this  canal. 

It  has  been  the  practice  not  to  limitirrigatorsiu  the  amount  of  water 
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to  be  used.  They  pay  ibr  water  by  the  acre  irrigated.  The  caual  com- 
pany reserves  the  right  to  charge  for  water  wasted,  when  such  waste  can 
be  ascertained.  When  there  is  a  shortage  of  supply,  the  canal  superin- 
tendent distributes  water  to  the  irrigators  in  proportion  to  the  acreage 
for  which  water  is  required.  If  an  insufficient  quantity  of  water  is 
delivered  to  effect  the  proposed  irrigation,  a  corresponding  reduction  in 
the  water  bill  is  made.  Charges  for  water  are  made  by  the  acre,  accord- 
ing to  character  of  crop  irrigated.  The  rates  in  force  preceding  1880 
were  about  as  follows:^ 

For  cereals  during  any  part  of  the  season  from  July  1  of  one  year  to 
the  same  date  the  following  yeai*,  $2.50  per  acre. 

For  alfalfa,  93  per  acre  per  year. 

For  market  gardens,  $5  per  acre  per  year. 

For  wild-grass  lands,  75  cents  per  acre  per  year. 

For  the  irrigation  of  a  second  crop  during  the  season,  $1. 

For  the  fall  irrigation  of  lands,  from  July  1  to  January  1,  the  charge 
for  a  single  application  is  $1.50  per  acre.  After  January  1,  any  number 
of,  waterings  necessary  to  mature  a  crop  of  cereals  is  given  for  $1. 

These  rates  have  at  various  times  been  modified  somewhat.  The  rate 
for  alfalfa  has  recently  been  $2.50  per  acre  per  year,  and,  nnder  agree- 
ment to  take  water  for  the  season,  application  being  made  before  October 
1,  $2  x>er  acre,  ^o  charge  is  made  for  the  irrigation  of  small  gardens  of 
those  irrigating  large  tracts  of  grain  or  alfalfa.  The  special  contract 
made  with  Messrs.  Miller  &  Lux  gave  them  water  at  about  one-half  of 
the  above  rates. 

The  distribution  of  water  from  the  canal  to  irrigators  is  in  charge  of 
a  caual  superintendent.  Those  requiring  water  must  give  ten  days' 
notice  and  must  s])eciiy  the  number  of  acres  for  which  water  is  wanted, 
as  well  as  the  particular  tract  of  land  to  be  irrigated. 

The  soils  to  which  water  is  applied  from  this  canal  are  thus  described 
by  Mr.  James  D.  Schuyler:" 

The  lands  irrigated  by  the  San  Joaquin  and  Kings  River  Canal  vary  so  greatly  in 
character  that  the  practice  of  irrigation  is  not  uniform.  From  the  point  where  irri- 
gation first  begins,  near  Firebangh's,  8  miles  below  the  head  of  the  canal,  to  its 
terminus  at  Orestimba  Creek,  there  is  a  gradual  change  in  the  quality,  depth,  and 
texture  of  the  soil,  from  the  minimum  of  absorbtiveness  and  the  consequent  max- 
imum number  of  irrigations  required  to  produce  crops,  to  the  maximum  of  absorb- 
tiveness and  the  minimum  of  applications  necessary.  The  soils  which  retain 
moisture  longest  are  those  which  absorb  most  water  and  are  consequently  best 
adapted  for  irrigation.  In  no  irrigated  section  of  the  State  are  the  extremes  in 
quality  of  soil  more  marked.  The  adobe  soils  do  not  extend  the  entire  distance 
from  the  panal  to  the  river,  but  seem  to  be  principally  limited  to  a  strip  2  to  5  miles 
wide  from  Firebaugh's  to  Los  Bafios  Creek.  They  are  shallow — ^firom  1  to  2  feet 
deep — and  underlaid  with  yellow  clay  hardpan.  East  of  this  strip  to  the  river  the 
soil  is  generally  of  an  alluvial  character,  highly  susceptible  of  profitable  irrigation, 
but  not  heretofore  provided  with  facilities  for  irrigation,  the  Innd  being  devoted 
exclusively  to  grazing  purposes.    On  either  side  of  Los  Bafios  Creek  the  soil  is  a 

1  Keport  of  State  Engineer,  1880,  Part  IV,  Appendix,  J.  D.  Sohayler. 
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compaot  sandy  loam  for  a  mile  or  two  in  width,  very  fertile,  and  well  adapted  to 
irrigation.  With  the  exception  of  3  or  4  miles  along  the  canal  where  San  Lais  Creek 
spreads  ont  npon  the  plains,  the  soil,  for  the  remaining  distance  to  the  terminns  is  a 
light-brown  argillaceous  loam,  with  an  occasional  admixture  of  sand.  It  is  30  to  40 
feet  in  depth,  compact,  fertile,  and  highly  retentive  of  moistnre. 

The  sballow  soils  referred  to  in  this  description  are  those  at,  or  bnt 
slightly  elevated  above,  the  western  limit  of  the  submersible  portion  of 
the  valley.  The  soils  to  the  east  of  this  strip  of  iuferior  land  are  within 
the  flood  limits,  and  those  traversed  by  the  lower  sections  of  the  canal 
are  of  the  general  type  of  the  high  west-side  plain. 

The  method  of  irrigation  generally  practiced  from  this  canal  is  that 
of  flooding  in  contour  checks  of  large  area.  The  irrigation  of  grain 
lands  has  been  found  profitable,  but  opinions  of  irrigators  differ  as  to 
the  best  time  of  applying  water.  Kear  the  upper  eud  of  the  canal  the 
practice  of  applying  water  to  the  growing  crop  is  preferred,  each  crop 
receiving  two  to  five  waterings,  according  to  character  of  soil.  Along 
its  lower  portion  the  method  of  wetting  the  ground  in  the  fall  before 
plowing  seems  to  be  the  most  satisfactory.  In  this  case  the  rainfall, 
generally  8  to  12  inches,  is  relied  on  to  mature  the  crop.  Orchards  and 
vineyards  are  irrigated  by  the  furrow  method. 

The  surface  of  the  lands  irrigated  is  remarkably  smooth,  and  its  slope 
toward  the  trough  of  the  valley  is  generally  5  to  10  feet  to  the  mile, 
thus  adapting  it  admirably  for  irrigation.  The  system  of  check-levee 
building  does  not,  however,  conform  with  the  most  advanced  practice. 
These  check  levees  are  usually  made  too  steep  to  permit  of  their  being 
crossed  at  random  by  farming  implements.  A  little  is  thus  saved  in 
first  cost,  but  often  at  considerable  sacrifice  in  convenience  of  tillage. 

The  cost  of  preparing  the  ground  with  ditches  and  check  levees  is 
stated  by  Mr.  Schuyler  at  $1.50  per  acre  for  the  large  farms  owned  by 
Messrs.  Miller  &  Lux.  He  gives  the  cost  of  the  check  levees  at  $12 
per  mile.    They  are  built  with  a  V  scraper. 

The  main  canal  was  originally  constructed  with  a  bed  width  of  28 
feet,  a  depth  of  4  feet,  and  side  slopes  of  2  to  1.  Its  gradient  was  fixed 
at  1  foot  to  the  mile.  It  was  soon  found  that  these  dimensions  gave 
the  water  greater  velocity  than  the  light  soil  of  the  banks  could  stand, 
and  to  prevent  erosion  their  slopes  were  reduced  to  5  to  1.  The  dis- 
advantage of  this  very  flat  slope  manifested  itself  some  years  later, 
when  reeds,  weeds,  and  mosses  took  root  in  the  shallow  water  at  the 
edge  of  the  water  surface  and  gradually  encroached  upon  the  deeper 
water,  rendering  it  necessary  to  keep  men  at  work  during  the  summer 
cutting  out  the  rank  plant  growth,  and  making  it  very  diflicult  to  force 
a  full  supply  of  water  to  the  lower  canal  sections.  Among  the  appli- 
ances used  to  cut  the  weeds,  particularly  one  trailing  species,  the  most 
successftil  was  a  long  chain  dragged  upstream  by  means  of  horses, 
generally  one  on  each  bank. 

About  ten  years  ago  it  was  finally  decided  to  clean  out  the  canal 
thoroughly  and  at  the  same  time  to  cut  its  banks  as  nearly  vertical  as 
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possible.  This  was  done  with  excellent  success.  The  canal  bed  was 
made  45  feet  wide,  with  its  sides  practically  vertical,  and  the  water 
depth  was  increased  to  6  feet.  The  soil  of  the  banks,  impregnated 
with  the  mad  deposits  from  the  canal  water  and  rendered  resistant  by 
the  roots  of  plants  which  had  penetrated  it  in  all  directions,  showed 
no  farther  tendency  to  erosion,  and  the  great  inshore  depth  of  water,  as 
well  as  its  velocity,  retarded  the  growth  of  plants. 

Below  Los  Banos  Creek  the  fall  of  the  canal  was  made  only  6  inches 
to  the  mile.  This  6-inch  fall  practically  commences  2  miles  above  Los 
Banos  Creek,  as  for  some  reason  the  grade  line  of  the  canal  bed  was 
raised  1  foot  at  that  point.  Experience  on  this  caqal  seems  to  justify 
the  conclusion  that  for  a  canal  of  its  size  a  slope  as  light  as  6  inches  to 
the  mile  may  safely  be  adopted. 

This  canal  crosses  the  natural  drainage  lines  of  the  west-side  plain 
at  right  angles*  The  water  courses  are  torrential  in  character.  They 
have  no  flow  in  years  of  scant  rainfall,  and  in  the  occasional  wet  winters 
they  respond  quickly  to  the  local  storms,  but  do  not  maintain  their  flow 
long.  Where  crossed  by  the  canal  the  arrangement  of  the  crossing  is 
extremely  simple.  A  check  weir  is  put  into  the  canal  just  above  and 
just  below  the  creek  channel,  and  an  embankment,  usually  of  gravel, 
is  carried  across  the  creek  channel  just  below  the  canal  and  connected 
with  the  canal  levee.  When  the  creek  rises  and  overtops  this  barrier, 
it  is  quickly  cut  out  by  the  water,  in  whole  or  in  part,  and  upon  sub- 
sidence of  the  freshet  is  replaced.  The  flow  of  the  creek,  if  there  be 
any  after  the  freshet,  is  received  into  the  canal. 

The  San  Joaquin  &  Kings  Biver  Canal  was  intended  to  be  used  for 
navigation  as  well  as  irrigation  purposes,  and  in  accordance  with  that 
idea  the  structures  originaUy  planned  for  it  included  arrangements  for 
passing  canal  boats.  They  were  all  timber  structures  of  unnecessarily 
heavy  and  cumbersome  design  and  correspondingly  expensive.  The 
more  modern  structures  on  the  canal  are  of  the  usual  light  inexpensive 
type  so  common  on  the  canals  of  the  West. 

The  distributing  ditches,  which  usually  lead  off  from  the  main  canal 
nearly  at  right  angles,  are  generally  8  to  12  feet  wide  on  the  bottom 
and  carry  water  2  to  3  feet  deep.  Their  aggregate  length  is  estimated 
at  about  200  miles. 

The  cost  of  the  canal  and  works  connected  therewith  has  been  about 
$1,000,000,  not  including  about  $300,000  expended  in  maintenance  and 
repairs.  The  dividends  paid  have  probably  not  exceeded  $250,000.  At 
the  time  of  this  writing  there  is  a  supplementary  high-line  canal  being 
constructed  which  will  greatly  increase  the  capacity  and  eflSciency  of 
this  canal  system.  This  new  canal  leaves  the  original  canal  about  3 
miles  below  its  head  and  gradually  separates  from  it,  being  carried  on 
a  grade  of  only  6  inches  to  the  mile.  It  has  a  bed  width  of  about  45 
feet  and  is  generally  about  1  mile  distant  from  the  main  canal,  with 
which  it  is  connected  by  means  of  a  number  of  short  branch  ditches. 
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Po$ey  Slough  or  Dos  Palos  Canal. — This  is  a  work  which  hardly 
deserves  eunmeration  among  irrigation  canals,  as  it  amounts  to  bat 
little  more  than  a  control  of  the  inflow  into  a  nataral  high-water  chan- 
nel which  breaks  out  of  San  Joaquin  Eiver  about  8  miles  below 
Firebaugh's.  It  was  necessary  in  protecting  west-side  lands  against 
overflow  to  either  close  the  slough  with  an  embankment  connected 
with  the  west  side  or  to  put  a  gate  into  it.  The  latter  arrangement 
was  preferred,  and  the  water  now  admitted  to  the  slough  under 
control  is  utilized  in  flooding  consider$ible  areas  of  grazing  lands.  The 
gate  has  a  clear  opening  of  24  feet,  divided  by  means  of  gate  and 
bridge  posts  into  four  spaces,  each  of  which  can  be  closed  by  means  of 
light  drop  timbers.  The  top  of  the  gate  is  provided  with  a  bridge 
floor,  afiording  a  crossing  for  the  river  road. 

The  slough  continues  inland  for  some  distance  as  a  well-deflned 
channel  through  which  water  is  led  into  a  series  of  broad  swales  or 
gentle  depressions.  Across  these  depressions  embankments  of  earth 
have  been  erected  to  a  maximum  height  of  4  or  5  feet,  by  means  of  which 
the  water  is  checked  and  made  to  inundate  considerable  areas.  One 
embankment  after  another  is  cut  for  the  passage  of  the  water  to  the 
next,  or  the  water  breaks  a  passage  of  its  own,  and  by  this  crude  sys- 
tem of  irrigation  considerable  areas  of  grazing  land  are  wet  during 
the  spring  rise  of  San  Joaquin  Eiver. 

It  is  hardly  necessary  to  say  that  this  method  of  wetting  lands  can 
be  practiced  only  on  large  holdings,  such  as  those  of  the  Miller  &  Lux 
Company. 

Temple  Slough. — This  is  a  slough  of  the  same  tyj^  as  Posey  Slough, 
though  somewhat  smaller.  It  has  been  similarly  treated.  It  breaks 
out  of  the  west  side  of  the  river  about  3  miles  below  Posey  Slough.  Its 
head  gate  is  also  in  use  as  a  bridge,  but  the  head  gate  is  of  the  culvert 
type  and  is  loaded  on  top  with  an  earth  fill.  It  is  16  feet  wide,  being 
divided  by  posts  into  four  spaces.  The  bottom  of  the  gate  is  at  or 
slightly  above  the  low- water  plane  of  the  river.  The  water  admitted 
to  the  slough  is  used  for  irrigation  in  the  same  crude  way  as  that  of 
Posey  Slough. 

Bamjon  de  Santa  Rita. — ^This  is  a  third  slough  which  breaks  oat 
through  the  west  river  bank,  but,  unlike  Posey  and  Temple  sloughs,  it 
has  a  comparatively  direct  northwesterly  course  to  a  reunion  with  the 
main  channel  of  San  Joaquin  River,  about  12  miles  below  its  head. 
There  is  no  gate  at  its  head  for  the  control  of  inflowing  water,  but  by 
means  of  temporary  spur  dikes  or  dams  of  sand  and  brush  built  into 
the  main  stream  its  period  of  flow  is  prolonged  somewhat  beyond  what 
it  would  otherwise  be.  Water  is  diverted  ftom  the  slough  into  a  short 
ditch  for  the  irrigation  of  several  hundred  acres  of  land  at  the  Miller 
&  Lux  home  place,  the  Santa  Bita  Ranch.  The  head  of  this  ditch  is 
about  Si  miles  below  the  head  of  the  slough,  on  its  west  bank.  The 
flow  of  the  water  into  the  ditch,  which  has  a  width  of  10  to  12  feet,  is 
controlled  by  means  of  a  light  gate. 


BLYTH  CAN*1.. 
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Blytii  Canal. — ^The  main  supply  of  water  for  the  grassland  irrigation 
on  the  Ohowchilla  Banch — already  referred  to  in  describing  the  Ghow- 
chilla  Oanal — ^is  obtained  firom  the  San  Joaqnin  Eivet  through  the 
Blyth  Canal.  (See  PI.  III.)  This  is  an  east-side  canal  from  San  Joa- 
qnin Eiver,  the  head  of  which  is  some  miles  below  Las  Juntas.  The 
canal  is  cut  boldly  into  the  river  bank,  with  a  bottom  width  of  20  feet. 
It  receives  water  from  the  river  only  at  high  stages.  Its  flow  is  con- 
trolled by  a  well-constructed  regulator  or  head  gate  of  the  culvert  type. 
It  supx)orts  a  5-foot  fill  of  earth,  which  serves  as  a  roadway  across  the 
canal.  The  entrance  to  the  culvert  is  divided  into  Ave  4-foot  spaces  by 
vertical  posts,  which  afford  support  to  vertically  sliding  flashboards,  3 
by  12  inches,  raised  by  means  of  two  double  hooks  engaging  on  iron 
pins,  to  which  power  is  applied  by  a  winch.  The  canal  discharges  into 
the  east-side  flat  valley  trough,  where  its  flow  is  intercepted  by  a  series 
of  cross  levees,  each  extending  from  comparatively  high  ground  at  the 
river  eastward  across'the  depression.  These  cross  levees,  Ave  or  six  in 
all,  are  about  a  mile  apart  and  are  all  equipped  with  stop  gates,  for 
the  discharge  of  surplus  water  to  lower  levels.  The  basin  above  the 
uppermost  one  is  first  filled,  then  water  is  allowed  to  flow  through  its 
stop  gate  to  the  second,  and  so  on  to  the  last,  thus  effecting  wholesale 
and  very  economical  grass-land  irrigation. 

East  Side  or  Stevenson- Mitchell  Ca>naL — This  canal,  as  its  name  implies, 
is  an  east- side  diversion.  The  head  of  the  canal  is  at  a  point  on  San 
Joaquin  Biver  about  14  miles  southwest  of  Merced.  It  has  a  north- 
westerly course  from  this  point  for  a  distance  of  20  miles,  to  near  Merced 
Biver,  and  commands  a  strip  of  land  intermediate  between  the  canal 
and  San  Joaquin  Biver,  2  to  4  miles  in  width.  (See  PI.  lY.)  The  first 
few  miles  of  its  course  are  over  heavy  clayey  soils  within  the  limits  of 
the  river's  flood  plain;  the  rest  of  its  course  is  out  upon  the  sandy 
plain  which  skirts  the  southern  bank  of  Merced  Biver.  It  commands 
about  50,000  acres  of  land. 

The  canal  was  constructed  in  1887  by  Messrs.  J.  J.  Stevenson  and 
the  late  John  Mitchell,  who  were  the  principal  owners  of  the  lands  com- 
manded. It  is  42  feet  wide  on  the  bottom  and  has  side  slopes  of  1  to  1 
to  the  natural  surface  of  the  ground,  generally  at  4  feet  above  the  bot- 
tom. The  fall  is  6  inches  to  the  mile.  The  canal  levees  rise  about  3 
feet  above  natural  ground  and  are  set  back  10  feet  from  the  edge  of  the 
excavation.  The  proposed  maximum  water  depth  is  6  feet  and  width 
on  water  surface  74  feet.  The  steep  sides  of  the  canal  excavation  were 
adopted  as  a  result  of  the  experience  on  the  San  Joaquin  and  Kings 
Biver  Oanal — to  prevent  the  growth  of  weeds  and  aquatic  plants,  which 
take  root  readily  on  flat  slopes. 

All  structures  on  the  canal  are  of  a  simple  flashboard  type.  There  is 
provided  a  regulator  or  head  gate,  and  the  flow  of  water  in  the  canal  is 
further  controlled  by  means  of  six  check  weirs,  locally  called  stop 
gates.  The  canal  crosses  the  natural  drainage  of  the  country.  At 
each  water  course  thus  crossed  an  inlet  gate  is  put  into  the  upper  or 
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east-side  canal  levee  and  an  outlet  gate  into  the  lower  levee.  These 
gates,  36  in  all,  range  in  width  from  12  to  64  feet.  All  of  them,  as  well 
as  the  check  weirs  in  the  canal,  are  bridged  over.  During  winter  the 
canal  is  out  of  service,  and  all  of  the  gates  are  left  open,  to  admit  of  the 
free  passage  of  drainage  waters  across  the  line  of  the  canal.  The  first 
cost  of  the  canal  work  was  about  $80,000,  which  has  been  increased  by 
subsequent  expenditures,  principally  on  the  construction  of  branches, 
to  about  $125,000. 

Water  is  sold  from  this  canal  by  the  acrQ  irrigated,  the  charge  being 
$2  per  acre  if  application  be  made  for  water  before  the  1st  of  January, 
and  $2.50  per  acre  if  applied  for  later.  This  difference  in  the  rate  per 
acre  is  intended  to  induce  irrigators  to  make  application  before  it  is 
known  whether  rainfall  alone  will  prove  sufficient  to  produce  a  grain 
crop. 

The  water  distributed  is  under  control  of  a  canal  superintendent. 
The  canal  (M)mpany  furnishes  the  gates  for  water  delivery  to  irrigators. 
All  lateral  or  branch  canals  are  constructed  by  the  irrigators  and  at 
their  expense. 

FRESNO  RIVER. 
HYDROGRAPHY. 

Fresno  River  is  a  small  torrential  stream  which  drains  the  western 
slope  of  outlying  spurs  of  the  Sierra  Nevada  and  which  debouches  upon 
the  plains  of  San  Joaquin  Valley  about  15  miles  to  the  north  of  San 
Joaquin  River.  The  river  is  dry  in  summer,  but  ordinarily  has  a 
considerable  winter  and  spring  flow.  Its  drainage  basin  above  the 
point  where  it  leaves  the  hills  has  an  area  of  272  square  miles.  Its 
flow  usually  commences  in  December  and  gradually  increases  till 
March.  It  ceases  to  flow  in  June,  July,  or  August.  During  the  rainy 
sea^son  it  is  subject  to  sudden  rises  of  short  duration.  The  maximum 
monthly  average  for  the  period  1878  to  1884,  as  approximated  by  the 
State  engineer,  is  given  as  568  second-feet  for  the  month  of  March. 

This  stream  soon  after  leaving  the  foothills  proper  bifurcates,  send- 
ing off  several  lesser  southerly  branches,  among  which  are  Adobe  and 
Gotten  wood  sloughs.  A  branch  of  the  former  reunites  with  the  main 
stream  some  miles  above  Madera. 

The  bed  of  the  river  is  a  broad  sandy  depression,  having  compara- 
tively high  banks,  near  the  eastern  edge  of  San  Joaquin  Yalley,  where 
it  is  here  and  there  flanked  by  small  tracts  of  bottom  land.  At  Madera 
the  river  banks  are  quite  low,  and  a  few  miles  farther  west  the  freshet 
waters  of  the  stream  spread  and  are  carried  on  toward  San  Joaquin 
Biver  in  several  small  channels. 


MADEBA   CANAL. 


CANALS  AND  DITCHES. 

The  water  bronght  down  to  Madera  in  the  flame  of  the  Madera  Lnm- 
ber  Company  U  used  for  irrigation  atand  to  the  west  of  Madera.  This 
water  is  in  large  part  a  diversion  itotn  a  tributary  of  San  Joaquin 
Biver.  It  was  necessary  to  make  this  diversion  high  np  in  the  moan- 
tains  and  to  carry  the  water  from  tbeone  watershed  across  the  dividing 
ridge  into  the  other  stream,  on  acoonnt  of  the  small  anmmer  flow  of 
Fresno  Eiver. 

The  lumber  flnme  is  of  the  ordinary  V-E^haped  type,  serving  to  float 
Inmber  a  distance  of  about  35  miles,  from  the  sawmill  to  Madera.  The 
waste  water  from  the  flame  flows  into  branches  of  the  Madera  GanaL 

Ma4era  Oanal  (Fresno  River  Dam  and  Oanal  Company's  Canal). — This 
is  a  work  of  some  magnitude  which  is  interesting,  in  part,  at  least,  on 


—Head  of  Fnai 


account  of  the  failui-es  in  which  the  first  effort  to  secure  water  resulted. 
At  great  expense  a  dam  was  constracted  across  Fresno  Biver  about  2 
miles  above  Madera,  and  from  it  a  deep  cut  was  excavated  through  the 
river  bank,  which  there  rises  about  15  feet  above  the  river  bed.  The 
dam  consisted  in  the  main  of  three  rows  of  doable  sheet  piling,  reeu- 
forc«d  by  numerous  ordinary  piles,  and  a  timber  top  work,  forming  a 
sabstantial  sill  across  the  stream  that  was  intended  to  raise  water  4 
or  5  feet  above  the  ordinary  low- water  plane.  It  was  311  feet  long,  and 
raised  the  water  surface  of  the  river  6  feet.  It  was  intended  also  to 
intercept  a  subsurface  flow  supposed  to  exist  in  the  sands  of  the  river 
bed,  but  failed  to  develop  any  water  from  this  scarce.  A  head  gate 
and  waste  gate  at  the  south  end  of  this  structare  afforded  control  of 
the  infiow  into  the  canal,  which  was  made  20  feet  wide  on  the  bottom, 
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with  side  slopes  of  1  on  2.  The  depth  of  the  cat  through  the  river 
bank  became  less  as  distance  from  the  river  increased,  and  within  a 
mile  the  canal  was  at  the  general  surface  level  of  the  valley  plain. 
From  this  point  special  effort  was  made  to  hold  the  main  canal  on  the 
top  of  flat  sand  ridges,  which  x)osition  it  was  thonght  woald  afford  the 
best  possible  command  of  the  lands  to  be  irrigated.  Kot  only  was  the 
canal  located  on  the  highest  available  ground,  but  it  was  endeavored 
to  hold  the  water  surface  in  the  canal  and  distributing  ditches  well 
above  the  natural  surface  of  the  ground.  Material  for  canal  banks 
was  taken  largely  from  the  ^outside.  After  the  expenditure  of  about 
$60,000  on  the  dam  and  canal  it  was  found  that  breaks  in  the  canal 
banks  were  of  so  frequent  occurrence,  and  loss  of  water  was  so  great, 
that  it  would  be  unwise  to  perfect  or  further  extend  the  system.  It  was 
found,  too,  that  the  dam  was  a  failure,  particularly  owing  to  the  loss 
of  water  in  the  porous  creek  channel  for  miles  above  it.  It  was  then 
found  that  by  turning  a  portion  of  the  river's  flow  into  Adobe  Slough, 
some  miles  farther  upstream,  and  putting  an  inexpensive  regulator  in 
its  head,  water  could  be  brought  into  tlie  head  of  the  canal  and  thence 
into  a  water  course  passing  directly  through  the  lands  already  pre- 
pared to  receive  it.  This  was  done,  and  a  fewdams  in  the  slough  lower 
down,  with  regulating  gates  in  each,  completed  a  main  canal  system 
that  has  been  comparatively  inexi>ensive  and  has  served  its  purpose 
well.    About  $20,000  was  the  first  cost  of  this  supplemental  work. 

It  is  understood  that  the  water  supply  of  the  canal  is  further  reen- 
forced  by  the  Adobe  Ranch  Ditch,  which  diverts  water  from  the  river 
at  a  point  known  as  <^  Chinee  Store,"  located  in  the  foothills  about  19 
miles  above  Madera.  This  ditch  is  10  feet  wide  on  the  bottom,  carries 
water  4  feet  deep,  and  at  the  Adobe  Sanch,  about  7  miles  above  Madera, 
is  connected  with,  and  adds  in  a  measure  to  the  supply  of,  the  lower 
works.  The  canal  company  proposes  soon  to  construct  storage  works 
in  the  mountains  in  order  to  secure  a  continuous  flow  of  water  for  its 
canal  system. 

The  lands  prepared  for  irrigation  with  water  from  this  canal  have  an 
area  of  about  16,000  acres.  They  lie  in  a  compact  body  to  the  south- 
ward, beyond  Cottonwood  Slough.  The  surface  of  the  lands  irrigated 
is  very  smooth  and  has  an  almost  imperceptible  slope  of  7  to  8  feet  per 
mile  toward  the  southwest,  adapting  them  admirably  for  irrigation. 
The  soil  is  a  sandy  loam,  rather  heavy  in  the  eastern  portion  of  the 
irrigated  region,  and  very  sandy  near  its  western  limit.  The  heavier 
soils  are  underlain  by  a  shaly  hardpan  a  few  feet  below  the  surface. 
This  is  deeper  below  the  surface  of  the  sands  or  is  entirely  wanting. 

Water  is  ordinarily  available  for  irrigation  from  some  time  in  Decem- 
ber to  May.  Occasionally  there  is  a  good  flow  in  the  canal  during 
June.  It  is  diverted  from  the  slough  above  referred  to  into  branch 
ditches,  which  leave  the  slough  just  above  the  dams  that  have  been 
built  into  it. 
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The  method' of  irrigation  is  that  of  flooding  in  contour  checks.  The 
check  levees  are  almost  invariably  constracted  on  contour  lineSi  each 
being  1  foot  lower  than  the  next  one  above.  The  space  between  levees 
is  divided  by  cross  levees  into  compartments  or  checks  whose  area 
varies  between  wide  limits,  reaching  as  high  as  40  acres.  The  ordinary 
check  has  an  area  of  about  4  to  12  acres. 

A  good  head  of  water  for  irrigation  in  this  section  is  from  20  to  25 
second-feet,  but  irrigators  are  frequently  compelled  to  be  content  with 
only  10  to  15  second-feet.  Irrigation  is  always  commenced  on  the 
highest  ground;  the  upper  check  is  filled,  and  when  fall,  the  water  is 
turned  into  the  next  lower  check,  while  at  the  same  time  the  surplus 
water  of  the  upper  check  is  also  turned  into  the  second  check  through 
a  cut  or  gate  in  the  contour  levee  between  the  two  checks.  Irrigation 
progresses  night  and  day,  and  two  men  are  constantly  on  duty  for  each 
irrigating  head  of  water. 

Both  alfalfa  and  grain  are  generally  irrigated  but  once  each  season. 
Grain  as  a  rule  is  irrigated  only  when  long-continued  drought  makes 
irrigation  necessary  to  save  the  crop.  Alfalfa  receives  more  than 
one  irrigation  when  water  is  available  long  enough. 

The  main  canal  of  this  system  was  until  February  of  this  year  (1897) 
owned  by  a  company  or  association  of  farmers  which  made  no  agree- 
ments for  the  delivery  of  water  to  irrigators  for  longer  periods  than  one 
season.  'The  distribution  of  water  from  the  canal  was  in  charge  of  a 
superintendent,  to  whom  application  for  water  had  to  be  made  before 
the  irrigating  season  commenced.  To  these  parties,  who  were  required 
to  specify  the  acreage  which  they  purposed  to  irrigate  and  the  time 
when  water  was  required,  the  water  was  apportioned.  When  there 
was  more  water  in  the  canal  than  was  required  by  them,  this  was  avail- 
able for  those  parties  who  neglected  to  put  in  application  for  water 
before  the  date  fixed  as  the  commencement  of  the  irrigating  season. 
All  parties  applying  for  water  were  required  to  pay  for  it  whether  they 
used  it  or  not.  If  water  was  insufficient  to  meet  the  demands  of  all 
applicants,  it  was  apportioned  by  the  superintendent  according  to 
his  judgment,  and  was  paid  for  by  the  acre  of  land  actually  irrigated. 
The  charge  for  water  was  originally  $1  per  acre  for  grain  and  $2  for 
alfalfa.  Subsequently  the  rate  was  raised  to  $1.50  for  grain,  and  since 
1885  it  has  been  made  $2,  which  is  the  charge  per  acre  regardless  of 
the  nature  of  the  crop.  This  rate  remained  the  same  no  matter  how 
often  water  was  applied. 

Of  the  16,000  acres  of  land  prepared  for  irrigation,  it  is  reported  that 
as  much  as  12,000  acres  have  been  irrigated  in  one  season.  Ordinarily, 
however,  the  area  irrigated  is  5,000  to  6,000  acres. 

The  cost  of  land  preparation  for  irrigation,  covering  the  construction 
of  small  irrigating  ditches  and  check  levees,  is  estimated  at  $2  per 
acre,  and  the  cost  of  each  application  of  water  at  about  25  cents  per 
acre. 
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The  caual  property  has  recently  passed  into  the  handd  of  a  new  cor- 
poration and  will  be  managed  on  lines  similar  to  those  of  the  Fresno 
Ganal  from  Kings  Biver,  except  that  in  addition  to  selling  water  to 
lands  covered  by  water  rights  water  will  also  be  famished  at  an 
increased  annual  rate  to  lands  not  so  covered.  The  new  company  iis 
known  as  the  ^^  Madera  Oanal  and  Irrigating  Company."  It  is  capital- 
ized at  $400,000,  in  shares  of  $10  each. 

The  water  rights  are  at  present  sold  at  $5  per  acre.  The  annual 
water  rate  to  be  paid  for  each  acre  covered  by  the  right  is  $1.  Tbe 
canal  company  places  the  gate  in  the  canal  bank  for  the  delivery  of  the 
water;  it  reserves  the  right  to  convert  the  irrigator's  private  ditch  into 
a  branch  ditch  under  the  company's  control,  provided  such  use  shall 
not  interfere  with  the  delivery  of  water  to  the  owner  of  the  water 

right;  it  makes  the 
water  right  an  ap- 
purtenance of  the 
land  on  which  it  is 
located;  it  reserves 
the  right  to  shut  off 
water  for  repairs, 
and  does  not  hold 
itself  responsible 
f  o  r  deficiency  of 
water  caused  by 
drought,  insuffi- 
cient water  in  river, 
hostile  diversion  or 
obstruction,  forci- 
ble entry,  or  tem- 
porary damage  by 
flood  or  other  acci- 
dents, but  agrees  to 
use  at  all  times  due 
diligence  in  restoring  and  protecting  the  flow  of  water  in  the  canals. 
The  canal  company  also  reserves  the  right  to  sell  230  water  rights  of  1 
second-foot  of  water  each  (1  second-foot  to  each  160  acres),  and  it  is 
to  be  understood  that  each  water  right  sold  shall,  whenever  the  canals 
flow  fess  than  250  second-feet,  represent  the  two  hundred  and  fiftieth 
part  of  the  available  supply.  The  purchaser  of  the  water  right  makes 
the  water  rights  a  lien  upon  the  land  covered ;  he  agrees  not  to  use  water 
wastefully,  and  he  grants  to  the  canal  company  the  right  of  way  for 
canals  and  ditches  over  all  land  owned  by  him  and  located  in  the  same 
township  as  the  specific  tract  covered  by  the  so-called  water  right. 

Water  is  delivered  for  $2  per  acre  per  year  to  parties  whose  lands 
are  not  covered  with  water  rights.  The  charge  for  grain  land  is  $1  per 
acre  for  one  wetting.  The  charge  for  garden  irrigation  is  $5  per  acre 
per  year. 


Fig.  8.>-Head  of  Adobe  Slough. 
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Adobe  Ranch  Ditch. — About  12  miles  above  Madera,  on  Fresno  Kiver, 
between  low  oatlying  foothills,  lies  the  Adobe  Eanch,  on  which  between 
^00  and  400  acres  of  bottom  lands  are  cultivated  in  alfalfa.  Water  for 
use  on  this  land  was  made  available  by  means  of  a  small  ditch  con- 
structed about  fifteen  years  ago,  the  head  of  which  is  about  7  miles 
farther  upstream,  on  the  south  side  of  the  river.  The  water  of  this 
ditch  was  originally  delivered  into  a  small  reservoir  lying  between  low 
hills  on  the  south  side  of  Fresno  Hiver  close  by  the  tract  to  be  irriga- 
ted, and  water  was  drawn  from  the  reservoir  aB  required.  The  method 
of  irrigation  is  by  flooding  in  checks,  each  several  acres  in  area.  The 
cost  of  applying  water  is  given  at  65  cents  per  acre  per  irrigation. 

The  ditch  is  now  said  to  be  a  feeder  of  the  Madera  Canal  and  is 
reported  to  have  a  bed  width  of  10  feet  and  to  carry  water  4  feet  deep. 

CHOWCHIIil^  RIVEB. 

HYDROGRAPHY. 

The  same  description  given  for  Fresno  Eiver  will  answer  for  the 
Ohowchilla,  except  that  its  bank  lands  are  even  lower  and  the  separa- 
tion of  its  water  into  several  channels  soon  after  its  debouchment 
on  the  valley  plain  is  still  more  pronounced.  The  river's  drainage  basin 
is  268  square  miles.  Its  flow  and  period  of  flow  are  about  the  same  as 
noted  for  Fresno  Biver. 

Two  channels  break  out  from  the  south  side  of  the  river  near  the 
eastern  margin  of  the  valley  plain.  These  are  Berenda  and  Ash 
sloughs,  both  of  which  have  a  very  direct  southwesterly  course,  being 
respectively  4  and  2  miles  from  the  main  stream  at  Minturn.  All  of 
these  channels  across  the  east-side  plain  of  San  Joaquin  Valley  have 
shallow  beds  of  sand  and  banks  rather  low,  but  still  somewhat  higher 
than  the  general  surface  of  the  plain.  Their  flow  spreads  over  large 
areas  near  San  Joaquin  Biver,  and  there  is  no  pronounced  junction  of 
Ghowchilla  Biver  with  the  main  drainage  way  of  the  valley. 

CANALS. 

Kohlevj  West  &  Minturn  canal  system, — The  use  of  water  from  Ohow- 
cliilla  Eiver  for  irrigation  has  been  confined  to  several  thousand  acres  of 
land  at  and  near  Minturn.  (See  map,  PI.  IV.)  The  main  river  channel 
has  been  converted  into  a  supply  canal  by  the  construction  of  several 
dams.  The  uppermost  of  these  dams  is  just  below  the  head  of  Ash 
Slough.  It  is  in  the  nature  of  an  earth  or  sand  embankment  carried 
across  the  river  channel  and  equipped  with  a  large  regulating  gate  in 
its  center.  The  gate  is  of  the  ordinary  flashboard  type,  with  a  light 
bridge  over  its  top.  It  is  protected  against  undermining  by  sheet  pil- 
ing, and  the  water  required  for  irrigation  below  is  allowed  to  pass 
through  it.  Any  excess  flow  of  the  river  is  turned  down  Ash  and 
Berenda  sloughs.  About  a  mile  north  of  Minturn  and  about  10  miles 
below  the  dam  just  referred  to,  a  second  dam  of  similar  character  is 
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maintained.  This  structure  converts  a  section  of  the  river  into  a  reser- 
voir which  overflows  through  a  gate  in  the  dam  to  the  lower  portion  of 
the  river,  and  through  gates  in  river-bank  levees  sends  water  toward, 
the  north  and  south. 

The  water  diverted  at  this  point  is  used  principally  on  the  vineyard 
lands  of  Messrs.  Kohler,  West  &  Minturn.  Some  of  it  is  passed  on 
to  other  irrigators.  The  irrigation  ditches  are  small,  8  to  12  feet  wide, 
carrying  water  about  2  feet  deep,  and  terminate  within  a  few  miles  of 
the  river. 

A  third  dam  is  maintained  ifi  the  river  about  2  miles  below  the 
second,  aud  water  is  taken  from  above  it  for  the  irrigation  of  the 
Minturn  farm. 

These  dams  are  8  to  14  feet  high,  built  of  such  material  as  the  river 
bed  affords,  and  have  stood  remarkably  well.  The  success  of  this 
system  of  handling  the  water  of  tlio  riviM*.  \\  hich  is  200  to  300  feet 
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Fio.  9.— Water  divorsion  by  Kohlvr,  West  &.  Hintarn  Canal. 

wide,  depends,  of  course,  upon  the  possibility  of  forcing  practically  the 
entire  freshet  flow  into  the  other  channels. 

The  method  of  vineyard  irrigation  practiced  at  Minturn  is  that  of 
flooding  in  small  checks,  some  of  which  have  been  laid  out  rectilinearly, 
while  others  are  fitted  to  the  contours  of  the  ground.  The  soils 
irrigated  are  sandy  loams,  very  retentive  of  moisture,  which  with  water 
have  proved  very  productive  aud  well  adapted  to  the  culture  of  the 
lijape. 

Surplus  waters — that  is,  water  in  excess  of  that  required  for  the 
irrigation  of  the  lands  belonging  to  the  firm  owning  the  canal— have 
been  held  for  sale.  The  rate  which  prevailed  several  years  ago  was 
$1.50  per  acre  of  land  actually  irrigated. 

BuclwLnan  Reservoir  project — A  work  of  considerable  magnitude  pro- 
posed for  Chowohilla  Eiver  is  the  construction  of  a  reservoir  of  great 
capacity  several  miles  above  Buchanan.  This  work  is  to  be  carried 
out  to  secure  an  adequate  water  supply  for  the  30,000  acres  of  land  of 
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the  Bereuda-Ghowcbilla  tract  owned  by  the  Sharon  estate.  The  dam 
as  prox)08ed  is  to  be  bailt  of  nncoorsed  rabble.  It  is  to  have  a  height 
of  100  feet  and  will  store  42,400  acre-feet  of  water.* 

MERCFjD  RFOiR. 
HYDROGRAPHY. 

Merced  Biver  is  to  be  classed  among  the  principal  streams  which  flow 
down  the  western  slope  of  the  Sierra  Nevada  into  San  Joaquin  Valley. 
It  has  a  perennial  flow,  its  low- water  discharge  being  about  the  same 
as  that  of  Tuolumne,  Stanislaus,  and  Mokelumne  rivers,  nearly  200 
second-feet.  The  river  has  a  high  mountain  and  foothill  watershed  of 
1,076  square  miles.  Its  bed  where  it  enters  the  valley  is  considerably 
depressed  below  the  general  surface  of  the  plain.  It  is  flanked  by  low 
bottom  lands,  which  extend  with  irregular  width  to  the  base  of  the 
bluffs  rising  to  the  higher  land  of  the  main  valley.  The  bottom  lands 
near  Snelling  expand  to  a  width  of  several  miles,  forming  a  secondary 
valley  of  no  small  importance.  Westward  from  Livingston  the  main 
plain  gradually  drops  to  the  level  of  the  river  lands,  and  long  before  a 
junction  with  San  Joaquin  Biver  is  effected  the  Merced  is  flanked  by 
large  areas  subject  to  periodical  inundation. 

The  flow  of  the  river  approximated  by  the  State  engineer  for  the 
years  1878  to  1884  indicates  an  average  monthly  rate  of  1,500  second- 
feet  for  February,  over  1,700  second-feet  for  March,  3,000  to  5,000 
second-feet  from  April  to  June,  1,900  second-feet  in  July,  400  to  600 
second-feet  in  August,  December,  and  January,  and  a  low- water  flow  of 
about  200  second-feet  during  the  months  of  September,  October,  and 
November,* 

These  figures,  indicating  as  they  do  a  very  considerable  flow  in  the 
spring  and  early  summer,  show  the  importance  of  this  stream  as  a  pos- 
sible source  of  water  supply  for  large  irrigation  canals.  Although  the 
value  of  this  stream  for  irrigation  has  long  been  recognized,  as  well  as 
that  of  the  other  rivers  of  the  same  class — ^the  Tuolumne,  Stanislaus, 
and  Mokelumne — ^the  construction  of  irrigation  works  on  a  large  scale 
has  progressed  but  slowly.  ^  T^ls  is  due,  first,  to  the  fact  that  the  posi- 
tion of  these  streams,  depresser^  as  they  are  from  40  to  80  feet  below 
the  general  surface  of  the  east-side  plain,  makes  a  diversion  of  water 
upon  the  higher  surface  of  this  plain  very  expensive^  and,  secondly,  to 
the  fact  that  the  lands  commanded  are  sufficiently  favored  with  natu- 
ral advantages  to  render  them  available,  in  a  measure  at  least,  for 
farming  without  rrigation. 

The  only  canal  from  Merced  Eiver  which  carries  water  out  upon  the 
east-side  plain  of  San  Joaquin  Valley  is  the  Merced  or  Crocker- Huflman 
Canal.  All  other  irrigation  works  are  comparatively  small  ditches  in 
use  for  the  irrigation  of  the  limited  bottom  lands. 

>See  American  irrigation  engineering,  by  H.  M.Wilaon :  Thirteenth  Ann.  Bept.  IT.  S.  Geol.  Survey, 
PartlU,  1883,p.  814. 
*Phy4Jcal  Data  and  Statistics,  W.  H.  Hall.  State  engineer  of  California,  1886,  pp.  484,  470. 
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CANALS  AND  DITCHES. 

Merced  or  Orocker-Huffman  Canal. — ^This  work  is  the  extension  and 
eDlargement  of  an  older  ditch  known  as  the  Farmers  Canal.  It  has  its 
head  on  the  south  side  of  Merced  Eiver,  about  2  miles  below  Merced 
Falls.  (See  map,  PL  lY.)  Skirting  the  base  of  the  bluffs  to  the  south 
of  the  bottom  lands,  it  reaches  the  upland  and,  penetrating  several 
foothill  spurs,  attains  a  position  which  commands  the  east-side  plain  of 
San  Joaquin  Valley  to  and  beyond  Bear  Creek.    (See  PI.  VIII.) 

The  enterprise  was  conceived  by  the  late  William  G.  Collier,  a  sur- 
veyor and  civil  engineer,  who  had  already  had  some  experience  in 
constructing  irrigation  ditches  from  Bear  Creek.  An  organization  of 
farmers  was  formed,  which  incorporated  in  1873  under  the  name  of  the 
Farmers  Canal  Company,  and  work  on  the  canal  was  pushed  forward 
as  rapidly  as  the  available  means  would  permit.  Unforeseen  difScultieS| 
notably  due  to  lack  of  fands  occasioned  by  excessive  cost  of  excavation, 
prevented  the  plans  from  being  fully  carried  out  as  originally  proposed. 
However,  by  March,  1876,  the  canal  reached  Canal  Creek,  and  water 
was,  through  it,  made  available  for  irrigation.  The  length  of  the 
canal  to  this  point  was  about  8  miles.  For  most  of  the  way  it  had  been 
cut  into  a  hard  gravelly  soil,  which  cost  to  excavate  about  20  cents  per 
cubic  yard,  instead  of  10  cents,  as  had  been  estimated.  It  penetrated 
a  ridge  by  a  tunnel  1,600  feet  long,  11^  feet  wide  by  9  feet  high,  which 
cost  about  $20,000.  This  tunnel  is  in  soft  sandstone  and  firm  cemented 
gravel,  and  did  not  require  lining.  The  canal  as  constructed  had  a  bed 
width  of  20  feet,  and  was  4  feet  deep.  It  followed,  in  a  southwesterly 
direction,  a  grade  line  having  a  fall  of  1  foot  to  the  mile,  except  at  the 
tunnel  approaches  and  in  the  tunnel  itself,  where  the  fall  was  increased 
to  10  feet  to  the  mile. 

The  Farmers  Canal  Company  could  not  succeed  in  making  arrange- 
ments for  the  extension  of  the  canal  beyond  Canal  Creek,  and  finally 
sold  out  to  Messrs.  Charles  Crocker  and  C.  H.  Huffman  in  1882.  The 
enlargement  of  the  canal  was  commenced  at  once.  Except  one  change 
of  location  near  the  head  of  the  canal,  the  original  alignment  of  the 
old  ditch  was  all  too  carefully  adhered  to.  In  making  the  enlargement 
to  a  bed  width  of  60  feet,  the  material  handled,  including  original 
levees  and  spoil  banks,  was  fully  as  great  as  it  would  have  been  on  a 
new  route  adapted  to  the  increased  canal  dimensions,  and  it  is  ques- 
tionable whether  a  complete  change  of  alignment  for  some  of  the  canal 
sections  would  not  have  been  advisable.  The  tunnel,  too,  was  enlarged 
to  a  width  of  22  feet,  while  it  might  well  have  served  for  many  years 
without  enlargement. 

Near  its  head  the  new  canal  was  made  80  feet  wide  on  the  bottom. 
It  was  planned  to  have  a  depth  of  10  feet  throughout.  Its  extensioi^ 
beyond  Canal  Creek  was  rapidly  pushed.  The  creek  channel  was 
enlarged,  and  for  about  a  mile  became  a  section  of  the  canal.    From 
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that  point  the  mam  canal  was  given  a  more  southerly  conrse,  skirt- 
ing the  western  base  of  a  number  of  foothill  spurs  and  finally  pene- 
trating one  at  a  point  about  8  miles  north  of  Merced^  in  a  timber-lined 
tunnel  20  feet  wide,  13  feet  high,  and  2,100  feet  long,  with  a  total  fall 
of  about  5  feet.  Tunnel  frames  are  constructed  of  timbers,  12  by  14 
inches,  4  feet  apart.  Lagging  and  flooring  are  3  inches  thick,  all 
redwood.  Tunnel  lining  required  over  1,000,000  feet  of  timber,  and  it 
alone  is  said  to  have  cost  about  $30,000.  It  is  extremely  doubtfid 
whether  the  reduction  of  a  few  miles  in  the  length  of  the  canal  could 
justify  its  constrnction,  even  if  it  had  been  found  to  require  no  lining. 
The  total  cost  of  the  tunnel  was  about  $70,000.  Work  on  it  progressed 
night  and  day,  and  it  was  completed  in  about  six  months.    (See  PI.  YII.) 

About  6  miles  below  the  tunnel  just  described,  and  about  12  miles 
by  canal  from  Canal  Greek,  the  canal  delivers  its  water  into  a  reser- 
voir, the  primary  purpose  of  which  is  to  afford  a  reliable  supply  of 
water  to  the  city  of  Merced,  lying  about  6  miles  farther  to  the  south- 
west. This  reservoir  has  a  surface  area  of  about  000  acres.  It  lies 
between  two  low  foothill  spurs,  the  gap  between  which  was  closed  by 
means  of  an  earth  dam  having  a  crest  length  of  2,200  feet  and  a  maxi- 
mum height  of  50  feet.  The  dam  rests  on  a  very  firm  foundation  of 
cemented  gravel,  into  which  a  wide,  deep  puddle  trench  was  cut.  Much 
of  the  material  of  which  it  is  constructed  had  to  be  loosened  by  blast- 
ing. All  material  was  wet  when  put  into  place,  and  was  firmly  tram- 
pled by  horses.  There  was  enough  clay  in  the  material  used  throughout 
the  structure  to  make  it  a  very  compact  bank. 

A  masonry  conduit,  brick  laid  in  cement  mortar,  has  been  carried 
through  the  natural  foundation  under  the  dam,  and  in  this  the  delivery 
pipe  and  the  sluice  pipe  have  been  placed.  (See  PI.  IX.)  The  main  canal 
is  continued  southward,  or  rather  southeastward,  from  the  reservoir  on 
a  continuation  of  the  grade  line  entering  the  reservoir  from  the  north. 
This  arrangement  cuts  the  canal  extension  out  of  a  supply  when  the 
reservoir  is  not  full.  Water  was  turned  into  the  reservoir  through  the 
completed  main  canal  on  February  1, 1888. 

The  diversion  from  the  river  is  made  at  a  point  where  Merced  Biver 
leaves  the  base  of  a  vertical  cliff'  which  rises  to  the  south.  The  canal 
head  gate  or  regulator  is  constructed  between  two  rock-fiUed  timber 
piers  or  bulkheads,  of  which  the  southernmost  rests  against  the  foot 
of  this  cliff.  The  regulator  has  a  width  of  80  feet,  divided  into  a  num- 
ber of  small  spaces  between  vertical  posts,  all  of  which  are  controlled 
by  means  of  vertically  sliding  gates.  (See  PI.  YI.)  From  this  gate  a 
timber  dam,  raising  the  water  surface  about  8  feet,  extends,  with  a 
broad  downstream  sweep,  across  the  river  to  a  connection  with  the  bot- 
tom land  on  the  north  side  of  the  river.  (See  PI.  Y.)  The  dam  proper 
rests  on  a  timber  platform  or  sill,  which,  extending  downstream  10  or  12 
feet  below  the  lower  face  of  the  dam,  forms  an  apron,  on  which  the  over- 
falling  water  is  received.  Oonsiderable  trouble  has  been  experienced  in 
repairing  cuts  which  the  river  has  made  through  the  bottom  lauds  around 
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the  north  end  of  the  dam.    The  cost  of  this  entire  work,  including  the 
distributing  system  of  pipes  in  Merced,  is  given  at  about  11,500,000. 

In  April,  1888,  the  owners  of  the  canal  incorporated  under  the  name 
of  the  Grocker-Huffman  Land  and  Water  Company  and  declared  them- 
selves ready  to  furnish  water  for  irrigation.  The  canal  company  sells 
so-called  water  rights,  which  are  very  similar  to  those  issued  by  the 
Fresno  Canal  and  Irrigation  Company.  The  purchaser  of  a  right  pays 
for  it  at  the  rate  of  $10  per  acre.  He  designates  the  particular  tract  of 
land  for  which  the  right  is  purchased,  and  the  rights  acquired  by  the 
purchase  become  appurtenances  of  the  land.  He  agrees  to  construct 
the  necessary  ditch  or  ditches  for  the  conveyance  of  the  water  to  his 
land,  and  grants  to  the  water  company  the  right  to  assume  control  of 
such  branch  ditches  at  any  time  and  to  use  them  for  the  delivery  of 
water  to  other  purchasers,  provided  that  such  use  and  control  shall 
not  interfere  with  the  delivery  of  water  to  him.  He  agrees  not  to  use 
the  water  on  any  land  other  than  that  described,  and  not  to  permit  it 
to  run  to  waste.  He  grants  to  the  canal  company  the  right  of  way  for 
canals,  flumes,  and  pipes  across  land  belonging  to  him,  or  that  may 
hereafter  come  into  his  possession,  in  the  same  township  as  that  in 
which  the  specified  tract  is  located.  He  also  binds  himself  to  pay  a 
fixed  sum  annually,  generally  $  L  per  acre,  on  the  first  Monday  of  Sep- 
tember, and  in  case  of  a  violation  on  his  part  of  the  water-right  agree- 
ment the  contract,  except  in  so  far  as  it  relates  to  a  right-of-way  grant 
and  to  the  making  of  the  water  right  an  appurtenance  of  the  land,  may, 
at  the  option  of  the  water  company,  be  declared  forfeited.  On  the 
other  hand,  the  water  company  grants  a  water  right  in  perpetuity, 
agreeing  to  furnish  water  at  the  rate  of  1  second-foot  for  each  tract  of 
160  acres;  it  agrees  to  construct  the  necessary  gate  in  the  canal  bank 
for  the  delivery  of  the  water  and  to  use  reasonable  diligence  in  main- 
taining its  works,  reserving  the  right  to  seU  water  on  similar  terms  ^^to 
the  full  capacity  of  its  canal,"  which  is  not  otherwise  defined.  When 
the  supply  is  insufficient  to  afford  to  each  taker  the  full  amount  of 
water  to  which  he  is  entitled,  a  delivery  of  a  proportional  amount  shall 
fully  satisfy  the  covenants  entered  into.  All  of  the  work  done  in  con- 
nection with  this  irrigation  system  was  carried  out  on  a  broad  scale. 
The  entire  system  is  of  magnificent  proportions,  and  can  not  faU  to 
become  in  time  one  of  the  most  reliable  and  important  in  San  Joaquin 
Valley. 

It  is  unfortunate  that  the  first  projects  for  the  establishment  of  colo- 
nies dependent  on  this  canal  for  water  resulted  disastrously,  because 
the  district  which  the  canal  commands  is,  as  a  whole,  well  adapted  for 
irrigation,  and  a  successful  colony  enterprise  would  have  gone  far 
toward  demonstrating  possibilities  of  development  with  irrigation. 

Among  the  first  lands  sold  in  small  subdivisions  was  a  tract  of  about 
4,000  acres,  located  in  the  bad-land  strip  on  the  base  of  the  hills  about 
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6  miles  north  of  Merced.  These  lands  were  sold  to  a  colony  of  Hol^ 
landers,  who  failed  to  achieve  the  results  anticipated.  They  experienced 
great  difficulty  in  preparing  and  cultivating  the  shallow,  coarse, 
gravelly,  hogwallow  soil,  which,  unlike  the  black  soil  of  the  Bear  ^ 
Creek  country  nearer  Merced,  or  the  sandy  loams  of  Atwater  and 
Livingston,  had  before  canal  construction  been  considered  worthless, 
except  for  grazing  purposes.  The  efforts  of  th^'  colonists  proved 
anavailing,  and  after  a  time  it  was  realized  that  the  cultivation  of  the 
selected  tract  in  small  areas  of  fruits,  truck  gardens,  and  the  like, 
could  not  be  made  profitable,  and  the  colony  project  was  abandoned. 

This  unsatisfactory  experience,  together  with  the  general  business 
depression  of  the  last  few  years,  will  account  in  large  measure  for  the 
comparatively  small  demand  that  has  been  made  for  water  from  the 
Merced  Canal.  The  area  actually  irrigated  in  a  season  has  probably 
not  exceeded  12,000  acres. 

MERCED  RIVER  BOTTOM  CANALS. 

The  bottom  lands  flanking  Merced  Biver,  extending  downstream 
f^om  Merced  Falls  to  near  Livingston,  are  in  large  part  irrigated  by  a 
number  of  small  ditches,  chiefly  interesting  from  the  fact  that  some  of 
them  are  among  the  oldest  irrigation  works  in  San  Joaquin  Valley. 

Merced  Falls  mills, — Power  is  supplied  to  a  flour  mill  and  to  a  woolen 
mill  at  Merced  Falls  by  water  from  Merced  Eiver,  which  there  crosses 
a  ledge  of  slate.  The  natural  fall  of  the  rapids  at  that  point  is 
increased  by  means  of  a  light  dam,  about  800  feet  long,  which  follows 
the  crest  line  of  the  slate  reef  from  bank  to  bank.  This  dam  is  of  the 
lightest  possible  type,  being  constructed  of  a  series  of  inclined  timbers, 
usually  4  by  6  inches,  loosely  resting  upon  the  rock  and  supported 
tcom  below  by  means  of  shores,  irregularly  .spaced  according  to  facility 
of  support  afforded  by  the  uneven  surface  of  the  rock.  The  spaces 
between  timbers  are  closed  with  1-inch  boards.  The  maximum  height 
of  the  structure  is  about  8  feet.  Power  has  been  developed  at  the  falls 
since  about  1856. 

Merced  Falls  Bitch. — The  water  from  this  ditch  is  taken  from  the 
north  side  of  Merced  Eiver  above  the  dam  at  Merced  Falls,  but  the 
rights  of  this  ditch  are  subject  to  the  prior  rights  of  the  mills.  The 
ditch  was  constructed  in  1857  and  has  been  in  use  to  some  extent  ever 
since.  It  is  about  2  miles  long,  4^  feet  wide  on  the  bottom,  1^  feet 
deep,  and  has  a  fall  of  about  2  feet  to  the  mile.  The  area  irrigated  by 
it  is  300  to  400  acres.  Like  all  the  ditches  in  Merced  Bottoms,  it  is  a 
private  ditch,  supplying  water  only  to  lands  of  its  owners. 

Murray  Mill  Ditch, — ^This  is  another  small  north-side  ditch,  which  has 
its  head  about  1 J  miles  below  Merced  Falls.  A  low  dam  of  cobbles  and 
brush  is  annually  thrown  across  the  river  to  force  water  into  the  ditch, 
which  is  about  3  miles  long.  The  ditch  has  a  width  of  about  10  feet, 
carr3ring  water  1  to  1^  feet  deep,  and  supplies  water  to  about  100  acres 
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of  land.  It  also  fdrnlsbes  power  for  a  small  gristmill  located  about  a 
mile  below  its  head.  The  ditch  was  constructed  about  1858,  in  which 
year  rights  of  way  for  it  were  secured,  but  it  fell  into  disuse  and  was 
reconstructed  or  enlarged  in  1862.  The  dimensions  originally  intended, 
*  and  which  were  probably  given  the  earlier  ditch^  were  described  as  fol- 
lows: 5  feet  wide  on  bottom,  7  feet  on  top,  and  deep  enough  to  carry  2 
feet  of  water.       ^ 

Spelling  Ditch. — ^The  Snelling  Ditch  was  constructed  in  1860,  or  about 
that  time,  for  the  irrigation  of  lands  near  Snelling.  A  company  was 
formed  composed  of  interested  landowners,  and  ownership  in  the  ditch 
was  represented  by  shares  of  stock.  The  head  of  the  ditch  is  on  the 
north  side  of  the  river,  about  2  miles  above  Snelling,  which  was  at  the 
time  of  the  ditch  construction  a  prosperous  town  and  the  first  county 
seat  of  Merced  County.  A  temporary  dam  of  cobbles  and  brush  is 
annually  constructed  at  the  head  of  the  ditch.  The  ditch  is  about  4 
miles  long,  6  feet  wide  on  the  bottom,  and  carries  water  from  1  to  2  feet 
in  depth  on  a  grade  of  about  2  feet  to  the  mile.  The  irrigation  is  con- 
fined principally  to  orchards,  vegetables,  and  alfalfa,  Ohinese  being  the 
renters  of  most  of  the  land  irrigated. 

Montgomery  &  Anderson  Ditch. — This  is  another  old-time  ditch  of 
small  capacity.  Its  head  is  on  the  north  side  of  Merced  Eiver,  at  the 
ford,  about  a  mile  above  Snelling.  It  is  about  1}  miles  long,  and  sup- 
plies water  to  a  few  acres  of  alfalfa,  orchard,  and  gardens  near  Snelling. 
Its  bed  width  is  only  about  4  feet,  and  the  depth  of  water  carried  is 
about  1  foot. 

Ingalsbe  Slough. — ^This  is  a  natural  high-water  channel,  which  breaks 
out  through  the  north  bank  of  Merced  Eiver  just  above  Snelling.  It 
has  a  westerly  course  along  or  near  the  northern  margin  of  the  bottom 
lands  for  about  8  miles,  and  supplies  water  to  several  small  ditches,  nota- 
bly the  Buddie  ditches,  besides  wetting  considerable  areas  by  infiltra- 
tion of  water  from  the  slough  into  the  porous  subsoils.  A  barrier  has 
been  erected  across  the  head  of  the  slough,  and  in  this  a  regulating  gate 
is  maintained. 

8eott  Ditch. — ^The  head  of  this  ditch  is  on  the  north  side  of  Merced 
Biver,  about  a  mile  below  Snelling.  It  was  constructed  in  1857,  has  a 
bottom  width  of  about  3  feet,  and  is  about  2  miles  long. 

Dean  Ditch. — This  is  still  another  small  ditch,  on  the  north  side  of  the 
river.  It  takes  water  about  1^  miles  below  Snelling,  is  about  3  miles 
long,  5  feet  wide  on  the  bottom,  and  1  to  2  feet  deep.  Some  of  its  water 
is  dropped  into  Hopeton  Slough. 

Old  River. — This  is  an  old  channel  about  3  miles  below  Snelling. 
During  the  freshets  of  1861-62  Merced  Biver  cut  a  new  channel  near 
the  southern  margin  of  its  bottom  lands,  abandoning  about  3  to  4  miles 
of  its  old  channel.  This  is  now  known  as  Old  Biver,  and  a  cut  has 
been  made  at  its  head  to  increase  its  flow  and  to  make  it  serve  as  a 
source  of  supply  for  the  irrigation  of  a  number  of  farms.    A  little  over 
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2  mUes  below  its  head  water  is  diverted  from  it  into  tbe  Sillman  & 
Euddle  Ditch,  in  which  it  is  carried  westerly  aboat  3  miles.  This  ditch 
has  a  bed  width  of  7  feet,  and  carries  water  1  to  2  feet  deep.  It  has  a 
&11  of  about  7  feet  to  the  mile.  Half  a  mile  below  the  head  of  the  Sill- 
man  &  Raddle  Ditch  is  the  Means  or  Montgomery  Ditch,  which  irrigates 
a  few  acres  of  land  lying  between  Old  Biver  and  the  present  channel  of 
Merced  Eiver. 

Feldhaus  &  Reed  Bitch, — ^This  is  a  south-side  ditch,  having  its  head 
about  2  miles  above  Snelling,  just  below  the  head  of  the  Snelling  Ditch. 
It  is  between  2  and  3  miles  long,  and  supplies  water  for  the  irrigation 
of  several  hundred  acres  of  bottom  land  on  the  south  side  of  the  river, 
opposite  Snelling.  The  ditcb  penetrates  the  point  of  a  hill  in  a  tunnel 
about  400  feet  long,  3  feet  wide,  and  5^  feet  high.  The  ditch  was  con- 
structed in  1865,  and  was  made  6  feet  wide  on  the  bottom,  1^  feet  deep, 
and  has  a  fall  of  nearly  5  feet  to  the  mile.  All  parties  interested  in  this 
ditch  contributed  toward  the  construction  of  that  part  of  it  located  above 
the  point  where  it  leaves  the  land  of  each,  in  proportion  to  individual 
interests.  The  exx>ense  of  maintenance  is  apportioned  in  the  same  way. 
No  water  is  sold. 

Hamlin  or  Millrace  Ditch. — Water  is  diverted  from  the  south  side  of 
Merced  Eiver  into  this  ditch  about  a  mile  above  Snelling.  It  has  a 
course  parallel  with  the  lower  portion  of  the  Feldhaus  &  Eeed  Ditch, 
but  extends  beyond  it,  being  about  2^  miles  long.  It  is  7  feet  wide  on 
the  bottom,  carries  nearly  2  feet  of  water,  and  has  a  fall  of  between  4 
and  5  feet  to  the  mile.  The  ditch  was  constructed  for  irrigation  pur- 
poses. Its  owners  were  subsequently  interested  in  the  erection  of  the 
Merced  flour  mill,  and  the  ditch  became  a  part  of  the  mill  property. 
Some  concessions  to  the  use  of  its  water  were  made  for  right-of-way 
privileges.  Irrigators  use  the  waters  of  the  ditch  on  Sundays,  at  night, 
and  at  other  times  when  the  mill  is  not  running.  Several  hundred 
acres  of  alfalfa  and  orchard  are  dependent  on  it  for  a  water  supply. 

Griffith  d^  Shaver  Ditch. — This  is  a  ditch  on  the  south  side  of  Merced 
Eiver,  about  10  miles  by  river  below  Snelling.  It  is  a  small  ditch, 
about  2i  miles  long  and  3  to  4  feet  wide.  It  has  been  poorly  maintained, 
and  has  been  out  of  service  at  various  times. 

Other  small  ditches,  besides  those  enumerated,  have  been  in  service  in 
Merced  Bottoms;  but  it  is  impossible  to  obtain  full  and  accurate  data 
relating  to  them  or  to  many  of  those  mentioned,  for  the  reason  that 
official  records  disclose  nothing  more,  as  a  rule,  than  a  claim  to  water 
antedating  ditch  construction  or  possibly  a  right-of-way  grant,  and  all 
other  facts  relating  to  the  history  of  irrigation  must  be  compiled  from 
the  recollections  of  the  oldest  inhabitants. 

METHODS  OF  WATER  DIVERSION  AND  USE. 

Except  in  the  case  of  the  Crocker- Huffman  Canal  and  the  Merced 
Falls  Ditch,  the  diversion  of  water  from  Merced  Eiver  is  accomplished 
by  means  of  temporary  dams  constructed  of  brush  and  cobbles.    These 
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are,  as  a  rale,  renewed  after  the  high  waters  of  each  season,  though 
occasionally  they  serve  through  several  years.  The  inflow  of  water 
into  the  ditches  is  generally  regulated  by  means  of  primitive  wooden 
gates.  In  some  cases  overfalls  or  escape  ways  near  the  heads  of  the 
ditches  reduce  the  amount  of  water  to  ditch  capacity. 

Before  the  flood  year  of  1861-62  Merced  Elver  had  a  well-defined 
channel,  with  high  banks,  from  Merced  Falls  to  near  Livingston.  The 
high  water  of  that  year,  however,  washed  away  large  tracts  of  the 
alluvial  soil  of  the  bottoms,  leaving  in  their  stead  great  cobble  beds;  it 
caused  a  general  silting  up  and  widening  of  the  river  channel  and  a 
consequent  rise  of  the  plane  of  the  water  surface,  as  well  in  the  river 
as  in  the  adjacent  soils  of  the  bottom  lands.  Since  that  time  it  has 
been  an  easy  matter  to  accomplish  a  diversion  of  water  for  use  on  the 
bottom  lands  of  the  river. 

On  these  lands  the  crops  generally  irrigated  are  fruits,  grapes,  hops, 
alfalfa,  and  vegetables.  Many  of  the  orchards  are  not  well  cared  for, 
being  leased  to  Chinese  from  year  to  year.  Alfalfa  is  irrigated  by  flood- 
ing in  small  checks;  orchards  and  vineyards  in  furrows.  Irrigations 
are  frequent.  They  commence  with  the  cessation  of  rains  and  continue 
at  intervals  of  three  or  four  weeks  for  orchards,  vineyards,  etc.,  until 
their  product  is  matured.  Each  new  growth  of  alfalfa  receives  at  least 
one  wetting.  Ground  in  which  grain  is  to  be  planted  is  sometimes  wet 
before  plowing.  To  some  extent  lands  are  moistened  by  the  rise  of 
water  in  the  porous  subsoils,  caused  by  infiltration  from  the  irrigation 
ditches  and  water  courses.  The  ditches  are  owned  by  the  landowners, 
and  the  cost  of  water  from  each  is  a  proportional  part  of  the  cost  of 
maintaining  the  works.  Water  is  generally  used  in  turn  by  those 
irrigators  dependent  upon  the  same  ditch  for  their  water. 

TUOIiUMNE  RIVER. 

HYDROGRAPHY. 

The  description  written  for  Merced  River  applies  also  to  this  stream. 
Its  mountain  drainage  basin  is,  however,  somewhat  larger,  covering 
1,635  square  miles,  and  the  extent  of  its  bottom  lands  is  considerably 
less  than  those  of  Merced  Kiver. 

Its  low-water  flow  at  the  mouth  of  its  canyon  above  Lagrange 
ordinarily  covers  the  period  August  to  December.  The  winter  rise 
of  the  stream,  due  to  rainfall  in  the  foothills  and  low  mountain  spurs 
within  its  watershed  area,  is  immediately  followed  by  the  spring  rise, 
due  to  the  melting  of  snow  in  the  higher  mountains.  The  flow  of  the 
stream  gradually  increases  till  May  or  June,  and  falls  rapidly  in  the 
latter  part  of  June  and  in  July.  The  maximum  average  monthly  flow 
based  upon  the  approximations  of  the  State  engineer  department,  for 
the  six  years  1878  to  1884,  has  been  noted  at  4,500  second-feet  for  May.' 

>  Fhyoical  DatA  auil  StaUsticfl,  W.  H.  Hall,  State  i>n<^inoer  of  Galiforiiia,  1886,  pp.  431, 476. 
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The  extensive  freshet  flow,  which  occurs  in  winter,  when  warm  rains 
jEedl  upon  snow,  may  reach  120,000  second- feet. 

There  has  been  but  little  use  made  of  water  from  this  stream  for  irri- 
gation, but  works  on  a  large  scale  have  been  coroihenced  which  are 
quite  in  keeping  with  its  importance  as  a  source  of  supply. 

Two  gaging  stations  have  been  maintained  on  this  river  by  the 
United  States  Geological  Survey,  oqe  at  Lagrange,  near  where  the 
river  issues  from  the  foothills,  and  the  other  at  Modesto,  farther  down 
the  valley.^  Gage  readings  at  the  lower  station  have  been  maintained 
by  the  Southern  Pacific  Company  for  a  number  of  years,  and  an 
attempt  was  made  to  rate  the  station,  but  owing  to  its  proximity  to 
San  Joaquin  Biver,  whose  back  flow  in  times  of  high  water  affected*  the 
height  at  Modesto,  the  work  was  not  so  satisfactory  as  it  might  be. 

For  this  reason  the  other  station  at  Lagrange  was  established  August 
30, 1895.  Its  location  is  at  the  highway  bridge  in  the  town.  The  fol- 
lowing facts  in  regard  to  the  discharge  of  the  river  are  brought  out: 

At  Modesto : 

1895.  Maximam  disoharge,  Febmary,  19»650  second-feet;  minimum,  October,  120 
second-feet;  average  for  the  year,  3,719  second-feet. 

1896.  Maximum  discharge,  April,  14,873  second-feet ;  minimum,  October,  180 second- 
feet  ;  average  for  the  year,  2,927  second- feet. 

Estimated  monthly  discharge  of  Tuolumne  River  at  Modesto,  CaHfomia, 

[Drainage  area,  1,601  square  miles.] 


Month. 


Diaoharge  in  seoond-feet. 


Maxlmnm. 


1896. 

Janiuuy.. 

Febmary 

March 

April 

Maj 

June 

July 

Aagnst ^.... 

September 

October 

NoYcmber 

Deomnber 

The  year 

18M. 

January 

Febmaiy 

March 

April 

May 

Jane 

Jaly 

Angnat 

Seirtember 

October 

November 

December 

The year 


16.130 

19,660 

10,785 

10, 012 

16,000 

12,530 

6,692 

1,660 

6,616 

200 

500 

730 


19,650 


Minimum. 


18,686 

1,880 

11,798 

14,873 

14.754 

14,754 

8,736 

1,118 

2,918 

474 

7,802 

3,560 


14,873 


1,398 

1,322 

1,710 

3,255 

6,097 

6,616 

1,550 

285 

200 

120 

210 

180 


120 


Mean. 


4,828 

3,915 

3,165 

6,824 

11,798 

9,163 

3,831 

848 

616 

152 

265 

283 


8,719 


Total  in 
acre-feet. 


296,900 

217,430 

194,610 

846, 670 

725,400 

646, 110 

236,540 

62,125 

86,600 

9,846 

14,985 

17,406 


2, 692, 021 


Rnn-off. 


Depth  in 
inches. 


246 

8,080 

189,370 

950 

1.182 

68,007 

1.006 

2.725 

167,678 

1,970 

3,677 

212,828 

2,550 

5,180 

318,500 

6,990 

11,648 

093,104 

1,306 

4,121 

263,406 

300 

575 

35,392 

220 

574 

84,191 

180 

224 

13,797 

273 

1.210 

72,012 

516 

1,028 

63,247 

180 

2,927 

2,121,434 

8.700 
2.720 
2.430 
4.330 
9.066 
6.815 
2.944 
0.652 
0.457 
0.117 
0.187 
0.217 


83.634 


2.37 
0.86 
2.10 
2,66 
8.98 
7.87 
8.17 
0.44 
0.43 
0.17 
0.90 
0.79 


Second- 
feet  per 
square 
mile. 


25.74 


8.220 
2.610 
2.110 
8.880 
7.870 
6.110 
2.554 
0.566 
0.410 
0.101 
0.170 
0.189 


2.46 


2.05 
0.79 
1.82 
2.38 
3.46 
7.09 
2.75 
0.88 
0.38 
0.15 
0.81 
0.09 


L90 


1  Twelfth  Ann.  Kept.  U.  S.  Oeol.  Sarrey,  Part  II,  1891,  p.  322;  Bull.  Ko.  131, 1896,  p.  83 ;  Bal.  No.  140, 
1896,  pp.  29&-304;  Eighteenth  Ann.  Kept.,  Part  IV,  1897,  pp.  378-385;  Water-Supply  and  Irrigation 
Paper  No.  11, 1897,  p.  90 ;  Water-Supply  and  Irrigation  Paper  No.  16, 1888,  pp.  188-188. 
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Tia.  10— DiMbarge  of  IDadnnuis  Blv«r  at  Uadesto,  Cklif orniik,  IBW-M. 


JWwated  monlUj/  dinehargt  of  7WI>imii<  Siver  at  Lagrangt,  CaUfcmia. 
[Dniuge  arsit,  I.MI  cqiure  mlla.] 
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SitiwuUed  momlhlg  dUckarga  of  TuoUamtu  Siver  at  Lagrmtgt,  Cal^ernia — Coatliiiud. 
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FlO.ll.— Ditohkrgsaf  Tuolamne  Blvet  at  Lagrugs,  Callfonil>,  ISOIi-M. 

At  Lagrange : 

1896.  Maximaiu  diBchorge,  Uarch,  11,798  eeoond-feet;  mioimnm,  October,  75  seo- 
ond-feet;  average  for  the  year,  2,342  aecoad-feet. 

1S97.  MBilnmin  discharge,  May  25,  14,700  Hecood-feet;  miDlaniu,  September  31,  38 
second-feet;  average  for  the  year,  3,364  Becoud-feet. 

CANALS  AND  DITCHES. 

Lagrange  Ditch. — la  1871  this  ditch  was  conatmcted  by  the  Lagrange 
Bitch  and  Hydraulic  Mining  Oompany,  ^om  the  upper  end  of  Indian 
Bar  to  French  Hill,  at  liagrange,  for  minuig  porposeB,  and  has  been  in 
constant  use,  supplying  vater  to  the  gravel  mines  near  Lagrange  and 
to  those  at  Patricksville,  aboat  4  miles  southwest  from  Lagrange.    Yeiy 
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little  of  its  water  has  been  used  for  any  other  purpose.  The  ditch  may 
ultimately,  however,  come  into  service  as  an  irrigation  ditch  as  the 
demand  for  water  for  hydraulic  mining  decreases.  The  ditch  is  carried 
under  the  gravel  deposit  of  Indian  Bar  in  a  box  culvert;  thence  follows 
the  south  side  canyon  wall  for  14  miles,  being  always  within  one-half  mile 
of  the  river,  and  reaching  the  vicinity  of  Lagrange  at  an  elevation  of 
250  to  300  feet'  above  the  water  surface  of  the  river.  There  are  many 
and  long  flumes  in  use  where  the  canyon  walls  are  too  steep  and  rocky 
to  permit  of  open-ditch  constru(;tion.  The  ditch  has  an  average  bottom 
width  of  about  6  feet  and  carries  water  3  to  3^  feet  deep.  Its  grade  is 
7  to  8  feet  to  the  mile  and  its  capacity  50  to  60  second-feet.  The  cost  of 
this  ditch  was  about  $300,000.  The  total  expenditure  on  the  ditch 
property  is,  however,  reported  to  have  been  $800,000.  The  annual  cost 
of  repair  and  maintenance  is  $3,000  to  $4,000.  The  ditch  drops  its 
water  into  the  Patricksville  Keservoir  about  3  miles  south  of  Lagrange. 
The  reservoir  is  formed  by  means  of  two  earth  dams.  It  has  a  surface 
area  of  132  acres  and  a  capacity  of  about  57,500,000  cubic  feet,  or  1,320 
acre-feet,  its  average  depth  being  about  10  feet. 

Wheaton  Ditch. — ^This  ditch  has  gone  out  of  service.  It  was  a  small 
ditch  on  the  south  side  of  the  river,  having  its  head  at  the  Wheaton 
Dam,  which  was  maintained  in  the  mouth  of  the  Tuolumne  Eiver  Can 
yon,  about  1^  miles  above  Lagrange,  until  replaced  in  1891-1893  by  the 
massive  masonry  structure  of  the  Turlock  and  Modesto  irrigation  dis- 
tricts. Several  water  companies  were  early  interested  in  diverting 
water  for  mining  purposes  from  the  river  at  or  near  the  Wheaton  Dam 
site,  just  above  French  Bar.  Of  these,  the  Franklin  Water  Company 
was  incorporated  in  1854.  It  and  the  French  Bar  Mining  Company 
both  sold  out  to  the  Stanislaus  County  Water  Company  in  1855.  The 
purpose  of  the  new  company  was  to  supply  water  to  Lagrange  and 
vicinity  by  means  of  ditches  on  each  side  of  the  river.  Water  was 
diverted  firom  the  river  on  the  south  side  at  a  point  about  500  feet  above 
the  falls  or  rapids,  the  latter  being  the  point  subsequently  selected  as 
the  site  for  the  dam.  This  water  company  sold  out  to  the  Tuolumne 
Water  Company  in  1871.  The  latter  company  at  once  constructed  a 
dam,  a  substantial  cribwork  structure  of  sawed  lumber.  Its  height 
ranged  from  16  to  30  feet.  Its  lower  face  was  nearly  vertical.  Its 
upstream  face  was  covered  with  a  timber  skin,  which  was  renewed  but 
once  during  the  entire  life  of  the  structure.  The  upstream  face  was  but 
little  flatter  than  1  to  1.  The  crest  length  of  the  dam,  not  including 
the  overfall  wall  forming  the  outer  ditch  bank  at  its  head,  was  125  feet. 
About  250,000  feet  of  1  umber  were  used  in  its  con  str uction.  It  is  reported 
to  have  cost  about  $24,000.  Several  years  after  the  construction  of  this 
dam  the  entire  property  of  the  water  company  was  sold  to  Mr.  M.  A. 
Wheaton,  one  of  the  stockholders,  and  a  small  ditch  about  2  miles  long 
was  kept  in  service.  Its  duty  gradually  dwindled  to  the  irrigation  of 
a  few  acres  of  orchard  and  vegetable  land  (not  exceeding  50  acres)  in 
the  river  bottoms  just  below  Lagrange. 
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Lagrange  Dam. — The  stracture  which  replaced  the  WheatOD  Dam  U 
generally  known  as  the  Lagrange  Dam.  It  was  bnilt  hy  the  Tarlock 
and  Modesto  irrigation  districts.  It  ia  aotewortfay  as  the  highest  over- 
fall dam  ever  built  on  a  large  river.  For  the  irrigation  of  the  Tnrlock 
irrigatioD  district,  on  the  Boath  side  of  Taolnmne  River,  which  was 
organized  in  1887,  it  was  necessary  to  construct  a  high-liue  caual.  A 
high  dam  at  or  near  the  Wheaton  Dam  site  was  decided  upon.  After 
long  deliberation  the  Modesto  irrigation  district,  on  the  north  side  of 
the  river,  determined  to  join  in  the  constmction  of  the  dam,  ae  it 
appeared  desirable  to  have  joint  control  of  the  diverting  works  with 
the  other  district  and  because  it  afforded  the  best  command  of  canal 
rentes  westward  to  the  district  lands.    (See  Pis.  X  and  XI  and  fig.  12.) 


FiQ.  13.— Plan  at  Lagnuga  Dmu. 

The  engineers  of  the  two  districts  were  required  to  prepare  plans  for 
the  strnctnre,  from  which  those  Bttbmitted  by  Mr.  Luther  Wagoner 
were  adopted;  but  as  Mr.  Wagoner  soon  afterwards  resigned  his  posi- 
tion as  engineer  for  the  Modesto  district,  Mr.  E.  H.  Barton,  the  Tarlock 
district  engineer,  was  placed  in  charge  of  construction.  The  dam  £rom 
lowest  point  of  its  foundation  surface  to  its  crest  line  has  a  height  of 
125  feet.  It  raises  the  surface  of  the  river  100  feet.  It  is  arched 
upstream,  its  upstream  face  being  curved  to  a  radius  of  301  feet.  Its 
crest  length  from  the  retaining  wall  bnilt  for  the  outside  bank  of  the 
Modesto  canal  to  the  cliff  on  the  soath  side  of  the  river  is  310  fiaet. 
The  apstream  face  of  the  dam  is  vertical  from  its  top  downward  for  70 
feet,  thence  to  the  foundation  sur&oe  it  hoe  a  batter  of  1  in  20,    The 
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top  edges  of  the  dam  are  roTiiided  off  toward  the  npstream  foce  on  a 
ladins  of  3  feet;  toward  the  inclined  downstreain  face  on  a  radios  of 
17^  feet.  The  level  portion  of  the  top  has  a  width  of  6  feet.  At  6  feet 
below  its  crest  line  the  dam  is  24.13  feet  thick  j  at  69  feet  below  its  top 
it  is  62  feet  thick;  at  89  feet  it  is  66.25  feet;  and  at  97  feet,  the  top  of 
the  foundation  masonry,  it  is  84  feet  thick.  The  extreme  bottom  width 
at  the  highest  point  of  the  dam  is  90  feet.  The  downstream  &ce  has 
a  pitch  of  1  on  ^  (aboat  26°)  down  to  70  feet  below  the  crest  height 
of  the  stractare,  where  a  compoand  cnrve  64  and  23  feet  radii  com- 
mences, which  carries  the  face  to  its  intersection  with  the  down- 
stream face  of  the  foundation  masonry,  aboat  3  feet  above  low  water, 

,  /f-^  


Fia.  IS Seotion  of  Lagnngo  Dam. 

From  this  line  down  to  bed  rock  the  masonry  has  a  batter  of  1  in  7.  The 
dam  thns  affords  a  smooth  snpport  for  the  overfilling  waters,  which 
shoot  off  from  the  almost  horizontal  surface  at  the  t«nnination  of  the 
downstream  face  with  great  force  against  the  river  below.  The  original 
design  contemplated  the  use  of  a  second  or  subsidiary  dam  below  the 
first,  to  create  a  pool  of  dead  water,  or  water  cushion,  against  which 
the  force  of  the  overfalling  stream  might  be  expended,  but  this  has  not 
been  carried  out.  As  the  low-water  width  of  the  river— or  rather  its 
width  at  the  height  of  top  of  the  foundation— is  only  80  feet,  to 
be  compared  with  310,  the  crest  length  of  the  dam,  it  is  appar- 
ent that  daring  high  stages  of  the  river  there  must  be  a  con- 
siderable crowding  of  the  water  from  both  sides  toward  the  center  of 
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the  stream.  What  effect  this  will  have  upon  the  solid  rock  walls  of 
the  canyon  is  not  yet  known;  bat  if  these  show  any  tendency  to  break 
away  on  crevice  and  cleavage  lines  recourse  will  be  had  to  a  reenforoe- 
ment  with  cement  mortar  and  concrete.  The  dam  is  constructed 
throughout  of  uncoursed  rubble  laid  in  cement  concrete.  The  cement 
used  in  the  structure  was  furnished  by  the  irrigation  districts.  The 
work  of  stripping  and  cleaning  the  foundation  and  putting  masonry  in 
place  was  all  covered  by  the  price  of  $10.39  per  cubic  yard  of  masonry, 
at  which  construction  was  contracted  for.  The  amount  of  masonry  in 
the  dam  is  about  39,500  cubic  yards.  Nearly  30,000  barrels  of  Port- 
land cement  were  used  in  its  construction.  The  total  cost  of  the  dam, 
not  including  canal  head  works,  was  about  $550,000.  This  great  cost 
of  work  executed  under  comparatively  favorable  conditions  must  be 
ascribed  largely  to  the  lack  of  active  competition  among  bidders  for 
the  work.  There  was  doubt  concerning  the  ability  of  the  two  districts 
to  meet  their  obligations  in  coin  at  the  time  of  the  letting,  because 
bonds  were  not  selling  readily  at  the  prescribed  limit  of  90  per  cent, 
and  the  contractors  were  compelled  to  make  arangements  to  receive  at 
least  a  portion  of  their  pay  in  district  bonds.  During  construction  of 
the  foundation  masonry  in  1891  the  river  was  carried  past  the  work  in 
a  flume.  Two  openings  or  culverts  were  left  through  the  masonry  at 
the  elevation  of  low  water  and  one  about  10  feet  above  low  water. 
These  were  4  feet  wide  and  6  feet  high,  and  easily  passed  the  low-water 
flow  of  the  river  in  the  following  seasons.  The  two  lower  ones  were 
closed  when  the  masonry  had  reached  sufficient  heigth  to  force  the  full 
low- water  flow  through  the  upper  culvert.  The  upper  culvert  remained 
open  long  after  the  completion  of  the  dam.  It  was  closed  in  1896. 
Water  went  over  the  top  of  the  finished  dam  for  the  first  time  on  the 
morning  of  December  23, 1893. 

TUBLOOK  IBBiaATION  DISTBIOT. 

This  irrigation  district  was  organized  in  April,  1887,  under  favorable 
auspices.  There  was  but  little  opposition.  Mr.  George  Manuel  was 
made  district  engineer  and  estimated  the  cost  of  the  necessary  works 
at  $467,545.  Bonds  were  issued  in  the  amount  of  $600,000,  and  when 
it  became  apparent  that  this  sum  would  not  cover  the  cost  of  the  works 
an  additional  issue  of  $600,000  was  made.  Pending  protracted  litiga- 
tion and  the  negotiations  with  the  Modesto  irrigation  district  relating 
to  its  participation  in  the  construction  of  a  high  dam  above  Lagrange, 
the  work  on  the  main  canal  was  pushed  as  rapidly  as  possible^  but  it  is 
not  even  yet  completed. 

This  district  lies  on  the  south  side  of  Tuolumne  Biver,  extending 
southward  to  near  Merced  Biver  and  from  the  western  edge  of  the  Sierra 
Nevada  foothills  westward  to  near  Ban  Joaquin  Biver.  It  has  an  area 
of  176,210  acres,  of  which  about  30,000  are  in  Merced  Gounty,  and  the 
remainder  in  Stanislaus  County.    The  land  in  the  district  is  generally 
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held  in  traotB  of  less  than  1,000  acres,  practically  all  of  which  are  grain 
farms.  The  soil  is  generally  a  sandy  loam,  fertile  with  moisture,  pro- 
ducing  fair  crops  of  cereals  when  the  rainfall  reaches  10  inches, 
favorably  distributed  through  the  season;  but  on  the  whole  there  has 
been  little  profit  in  wheat  farming. 

Water  is  to  be  taken  from  above  the  Lagrange  Dam  by  a  tnnnel  560 
feet  long,  12  feet  wide,  and  11  feet  high,  with  vertical  sides,  and  a 
radius  of  arch  of  6  feet.  It  was  originally  proposed  to  place  the  regu- 
lator and  a  waste  gate  at  the  lower  end  of  this  tunnel,  but  this  idea 
was  abandoned  and  a  regulating  gate  has  been  constructed  at  its  inlet. 
For  over  a  mile  below  the  head-works  tunnel  the  canal  winds  along  a 
slaty  hillside.  The  canal  has  there  been  constructed  with  a  bed  width 
of  20  feet  and  a  proposed  water  depth  of  10  feet.  The  outside  canal 
bank  is  constructed  of  dry-laid  rock  retaining  walls  with  clay  paddle 
core.  At  the  lower  end  of  this  hillside  work  the  canal  crosses  Snake 
Bavine,  which  was  closed  by  a  dam  and  up  which  the  canal  water  is  to 
be  turned  for  about  1,000  feet.  The  earth  dam  has  been  washed  out,  and 
the  pond  which  it  was  to  form  is  to  be  replaced  by  a  flume.  Thence 
the  course  of  the  canal  leads  through  a  cut  about  800  feet  long,  made 
by  the  hydraulic  process,  and  its  water  is  dropped  into  old  mining  pits, 
in  which  it  is  held  for  a  distance  of  about  2,000  feet.  This  canal  section 
is  followed  by  a  rock  cut  860  feet  long,  leading  into  Dry  Greek.  The 
channel  of  Dry  Greek  is  utilized  for  1^  miles,  and  this  creek  section  of 
the  canal  is  followed  by  a  flume.  In  its  course  farther  westward  the 
canal  pierces  three  fooliiill  spurs  in  tunnels,  none  of  which  are  lined. 
Below  the  last  of  these  tunnels  the  canal  crosses  a  gulch,  which  is  to 
be  closed  with  a  concrete  dam  40  feet  high,  and  the  canal  then  enters 
another  cut  3,300  feet  long.  It  will  cross  Peasley  Greek  in  a  flume  20 
feet  wide  and  7  feet  deep. 

The  canal  below  Peasley  Greek  is  generally  45  feet  wide  on  the  bottom 
and  7i  feet  deep,  and  has  a  fall  of  1  foot  to  the  mile;  but  dimensions 
are  not  uniform,  being  varied  to  suit  the  character  of  material  into 
which  the  canal  is  cut.  The  canal  capacity  as  reported  by  the  district 
engineer  is  1,500  second-feet.  Great  care  has  been  taken  to  keep  canal 
dimensions  uniform  and  to  bring  the  canal  bed  to  grade,  often  necessi- 
tating the  taking  of  material  from  borrow  pits  at  the  outer  levee  base, 
thereby  increasing  the  apparent  height  of  canal  levees  and  greatly 
increasing  the  danger  of  breaks  in  these  embankments.  There  would 
have  been  no  objection,  so  far  as  simple  inspection  discloses,  to  dee[)en- 
ing  the  canal  below  grade  where  necessary  to  secure  material,  and  the 
cause  for  adopting  the  above  type  of  cross  section  has  not  been  made 
apparent.  Drops  or  check  gates  have  been  constructed  where  material 
is  liable  to  erosion  and  the  natural  fall  exceeds  that  prescribed  for  the 
canal.  The  canal  approaches  some  of  these  between  high  levees  and 
leaves  them  in  moderate  cut — a  questionable  arrangement.  It  might 
even  be  better  to  bring  the  canal  into  service  without  the  use  of  drops 
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and  to  place  these  later  where  required.  The  main  canal  is  18  miles 
long  and  will  supply  water  to  five  principal  laterals^  which  are  to  have  an 
aggregate  length  of  80  miles.  These  are  to  be  30  feet  wide  on  the  bottom 
and  5  feet  deep,  and  are  to  have  an  effective  Ml  of  2  feet  to  the  mile. 
Other  branch  ditches  of  smaller  dimensions,  to  the  extent  of  180  miles 
in  aggregate  length,  are  also  to  be  constructed  by  the  district.  As  the 
sarface  of  the  district  is  very  smooth  and  the  fall  quite  uniform  from 
northeast  to  southwest,  most  of  the  branch  canals  will  be  constructed 
on  land  lines  from  north  to  south  and  from  east  to  west.  It  is  under- 
stood that  a  contract  for  the  completion  of  this  entire  system  of  ditches, 
including  the  main  canal,  has  been  let,  and  that  work  is  to  be  actively 
poshed  under  this  contract.^ 

MODESTO  IRRIGATION  DISTRIOT. 

Soon  after  the  project  of  organizing  the  Turlock  district  had  taken 
definite  shape,  the  farmers  on  the  north  side  of  Tuolumne  Biver 
resolved  upon  the  formation  of  a  second  district  to  be  dependent  on 
that  stream  for  its  water.  Although  considerable  opposition  was 
encountered,  the  result  of  their  action  was  the  formation  of  the  Mo- 
desto irrigation  district,  which  was  consummated  in  July,  1887.  The 
district  extended  northward  from  Tuolumne  Biver  to  Stanislaus  Eiver, 
and  from  the  foothills  westward  into  the  trough  of  the  valley  to  near 
San  Joaquin  Biver.  It  had  an  area  of  about  108,000  acres.  The  pre- 
liminary study  indicated  conclusively  that  the  expense  of  constructing 
a  canal  from  Tuolumne  Biver  to  command  the  entire  district  would  be 
prohibitory,  and  that  either  the  high  southeastern  portion  of  the 
original  district  must  be  excluded  or  that  water  must  be  taken  from 
Stanislaus  Biver  at  an  estimated  cost  of  over  $700,000.  Before  further 
steps  were  taken  bonds  to  the  amount  of  $800,000  were  voted,  and  a 
reduction  of  the  area  of  the  district  to  81,500  acres  soon  followed.  The 
project  for  the  irrigation  of  the  district  lands  did  not  assume  its  final 
definite  shape  until  an  arrangement  was  entered  into  with  the  Turlock 
litigation  district,  according  to  which  the  two  districts  were  to  unite 
in  constructing  a  great  diverting  dam  in  Tuolumne  Biver  about  1} 
miles  above  Lagrange,  and  agreed  to  contribute  equally  toward  its 
construction. 

The  canal  has  an  inlet  capacity  of  about  750  second-feet,  l^ow  hang- 
ing on  hillsides,  now  fcUowing  table-lands  or  mesas,  or  penetrating  low 
spurs  of  the  foothills  in  tunnels,  it  reaches  a  point  near  Waterford, 
with  a  total  length  of  23  miles.  The  canal  regulator  or  head  gate  is 
in  place  and  main  canal  excavation  is  reported  finished,  but  other 
structures  are  incomplete  or  wanting,  such  as  check  weirs,  flumes  along 
steep  hillsides  and  over  creeks  and  gulches,  and  road  bridges.  This, 
including  one-half  the  cost  of  the  Lagrange  Dam,  has  been  accom- 


^For  farther  description  of  ibis  c«nal,  see  American  irrigstion  engineering,  l^  H.  M.  Wilson  t 
Thirteenth  Ann.  Sept.  IT.  S.  Geol.  Surrey,  Fart  III,  1808,  pp.  208,  232. 
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plisbed,  nnder  district  management,  with  an  expenditure,  expressed  in 
bonds  sold,  of  the  entire  first  issue  of  $800,000.  The  result  is  hardly 
more  satisfactory  than  in  many  other  of  the  irrigation  districts.  The 
district  is  not  yet  in  position  to  farnish  water  to  any  of  its  lands  ;  the 
cost  of  the  work  has  been  excessive,  owing  largely  to  the  ancertainty 
of  pay  on  completion,  which  deterred  contractors  in  the  case  of  nearly 
all  district  work  in  this  and  other  irrigation  districts  from  making  low 
bids.  Several  years  ago  additional  bonds  to  the  amount  of  $350,000  \ 
were  voted  by  the  district,  but  these  are  to  be  withheld  from  sale 
pending  final  settlement  of  matters  that  have  involved  the  district  in 
litigation. 

The  surface  of  the  district  is  admirably  adapted  for  cultivation  by 
irrigation.  The  soils  are  sands  and  sandy  loams,  and  the  ground  has  a 
slope  from  east  to  west  of  5  to  10  feet  to  the  mile.  The  entire  area  of 
this  district,  as  well  as  of  the  Turlock  district,  was  originally  a  tree- 
less plain.    For  many  years  past  it  has  been  a  vast  wheat  field. 

STAKISIiAUS  RIVER. 
HYDROGRAPHY. 

Stanislaus  River  is  of  the  same  type  as  the  Merced  and  the  Taol* 
nmne,  and  of  equal  rank  as  a  source  of  supply  for  large  irrigation 
canals.  Its  mountain  watershed  has  an  area  of  1,051  square  miles,  the 
run-off  from  which  is  ordinarily  greatest  in  May,  when  snows  are  melt- 
ing. The  stream  is  at  a  low  stage  from  August  to  December.  During 
the  winter  months  its  flow  is  variable,  being  greatly  influenced  by  rain- 
fall and  temperature.  Its  mean  monthly  discharge  increases  rapidly 
from  January  to  April.  From  April  to  June  is  the  period  of  its  spring 
rise.  The  low- water  flow  is  ordinarily  from  100  to  200  second-feet,  and 
the  mean  flow  during  the  spring  rise  is  3,000  to  5,000  second-feet.'  At 
Oakdale,  where  the  river  enters  San  Joaquin  Valley,  its  bed  is  depressed 
about  80  feet  below  the  general  surface  of  the  main  valley  plain.  The 
river's  low  banks  are  flanked  on  either  side  by  narrow  strips  of  bottom 
land,  which  extend  from  river  to  base  of  the  slope  rising  to  the  higher 
level  of  the  upland.  For  over  40  miles  below  Oakdale  the  river  surface 
is  thus  depressed  below  the  level  of  the  valley  lands,  but  the  diflference 
in  level  gradually  decreases,  and  near  the  trough  of  the  valley  the  bot- 
tom lands  of  the  river  are  merged  into  the  submersible  portion  of  the 
east-side  plain. 

Irrigation  from  this  river  has  been  confined  to  the  foothill  region 
until  the  enlargement  and  extension  of  an  old  ditch  within  the  last  two 
years  has  made  water  available  on  the  north-side  upland. 

The  United  States  Geological  Survey  has  maintained  a  gaging  sta- 
tion on  this  river  since  June,  1895.    It  is  located  at  the  highway  bridge 


1  See  Physioal  DaU  and  Statistics,  W.  H.  Hall,  State  engineer  of  California,  1880,  pp.  428, 478. 
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just  above  the  bridge  of  the  Soathem  Pacific  Oompany  at  the  town  of 
Oakdale.^ 
The  following  facts  are  brought  out  from  this  record : 

The  low-water  flow  for  1895,  oocnzxing  in  AugoBt,  September,  and  Ootober,  was  145 
second-feet. 

1896.  Maximom  diseharge,  ^ftjy  13,050  seoond-feet ;  minimum,  January,  150  seeond- 
feet;  average  for  the  year,  1,935  second-feet. 

1897.  Maximum  disehargei  February  4, 10,580  second-feet ;  minimum,  September 
and  October,  140  second-feet;  average  for  the  year,  1,835  second-feet. 

Estimated  monthly  disdkarge  of  Stanislaus  River  at  Oakdale,  California, 

[DniiiAge  area,  1, 061  sqaare  mllee.] 


Month. 


1886. 

Jnne 

July 

Angnat 

September 

October , 

November 

December 

18M. 

January 

February 

March 

April 

May 

Jnne 

July 

August 

September 

October 

Ifovember 

December 

The  year 

1897. 

January 

February 

March 

April 

May 

June 

July 

Auguat 

September  

October 

KoTomber 

December 

The  year 


Discharge  in  second-feet. 


"M'a.TJimnn- 


8,510 
8,842 
650 
8,161 
246 
178 
414 


6,966 

1,208 

12,000 

9,050 

18,060 

11,000 

8,156 

2,412 

962 

870 

4,514 

1,750 


18,050 


2,251 

10,580 

6,062 

9,284 

9,980 

3,974 

1,180 

230 

190 

260 

780 

1,516 


10,580 


Minimum. 


8,842 
550 
145 
145 
145 
179 
145 


150 


694 

1.966 

2,290 

2,656 

470 

218 

252 

218 

252 

470 


150 


140 


Mean. 


5,686 
1.778 
880 
688 
176 
179 
198 


1,806 

782 

2,464 

3,274 

4,717 

6,541 

1,293 

885 

332 

289 

705 

681 


1,085 


410 

609 

1,264 

3,852 

1,264 

1,915 

1,880 

5,064 

5,480 

7,824 

860 

2,077 

250 

582 

170 

198 

140 

152 

140 

176 

170 

255 

210 

411 

1,885 


Total  in 
acre-feet. 


888,340 
109,880 
20,304 
87,970 
10,802 
10,651 
12,206 


111,  058 

45,038 

151,505 

194,870 

290,092 

889,247 

79,503 

28,703 

19, 761 

14,696 

41.968 

41,904 


1,403,344 


87,446 

180,607 

117,750 

801,828 

450,838 

123,590 

85,786 

12.175 

9,045 

10,822 

15, 174 

25,272 


1,319,833 


Bun-oiT. 


Depth  in 
inches. 


6.088 
1.950 
.862 
.677 
.193 
.190 
.218 


1.98 
0.80 
2.70 
3.48 
5.17 
6.97 
1.42 
0.42 
0.35 
0.26 
0.75 
0.75 


25.05 


0.67 
8.28 
2.10 
5.37 
8.04 
2.21 
0.63 
0.22 
0.16 
0.20 
0.27 
0.45 


23.55 


Second- 
feet  per 
square 
mile. 


6.410 
1.692 
0.314 
0.607 
0.167 
0.170 
0.189 


1.72 
0.75 
2.85 
8.11 
4.57 
6.22 
1.28 
0.37 
0.82 
0.22 
0.67 
0.65 


1.85 


0.58 
8.10 
1.82 
4.81 
6.97 
1.98 
0.55 
0.19 
0.14 
0.17 
0.24 
0.39 


1.74 


*  Bull.  U.  S.  Geol.  Survey  No.  140, 1896,  p.  305;  Eighteenth  Ann.  Bept.,  Part  lY,  1897,  p.  371;  Water- 
Supply  and  Irrigation  Paper  No.  11, 1897,  p.  90;  Water-Supply  and  Irrigation  Paper  No.  16, 1898,  p.  187. 
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CANALS   AND   DITCHES. 

Stanislaus  &  San  Joaquin  Canal. — Among  the  ditches  conBtracted  aa 
aids  to  placer  and  river-bed  mining  over  forty  years  ago  waa  one  on 
the  north  side  of  StanislanB  Biver,  constructed  by  the  San  Joaquin 
County  Water  Company.  Water  was  diverted  from  the  river  aboat  7 
miles  above  Knighta  Ferry  and  was  carried  in  ditch  and  flumes  along 
the  broken  northern  wall  of  the  river  canyon  to  points  at  and  near 
Knights  Ferry,  where  the  ditch  water  bad  attained  an  elevation  of  150 
feet  above  the  river  surface.  The  ditch  constructed  by  this  company 
in  1851  to  1666  has  remained  in  service  ever  since.  As  the  demand  for 
water  from  miners  decreased,  the  demand  from  irrigators  increased. 
Many  projects  for  the  diversion  of  a  greater  quantity  of  water  than 
that  represented  by  the  old  ditch  capacity  were  proposed,  but  none 
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were  poshed  to  completion,  until  finally,  nnder  new  management,  an 
enlargement  and  extension  of  the  old  work  was  snccessftdly  accom- 
plished within  the  last  few  years,  and  is  now  known  as  the  Stanislaus 
&  San  Joaquin  Oanal. 

The  old  ditch  before  enlargement  had  somewhat  irregular  dimen- 
sions. It  was  generally  4  feet  wide  on  the  bottom,  about  5  feet  at  the 
top,  and  carried  water  2  feet  deep.  Its  fall  was  not  uniform,  gen- 
erally about  5  feet  to  the  mile.  Its  capacity  was  about  15  second-feet. 
A  dam  was  constructed  across  Stanislaus  Biver  at  its  head  in  several 
sections,  closing  the  spaces  between  high  projecting  points  of  bed  rock. 
The  spaces  into  which  these  divided  the  river  bed  were  closed  by  means 
of  timber  crib  work  having  a  crest  length  of  about  30(V  feet  and  an 
average  height  of  about  16  feet.  It  raises  the  water  surface  of  the 
river  12  to  14  feet.  A  i)ortion  of  this  dam  was  renewed  in  the  years 
1877  to  1880. 

The  north-bank  end  of  the  dam  rests  against  a  high  timber  crib  filled 
with  rock,  which  is  perforated  for  the  ditch.  The  inflow  into  the  ditch 
is  controlled  by  means  of  a  gate  operated  with  a  winch.  When  it  was 
decided  to  increase  the  capacity  of  the  original  ditch,  about  1888,  work 
was  commenced  by  a  new  organization,  known  as  the  San  Joaquin 
Land  and  Water  Company,  on  a  masonry  dam  4,300  feet  below  the 
present  head  of  the  ditch,  but  the  structure  has  not  been  completed. 

The  old  ditch  for  nearly  a  mile  below  its  head  had  a  position  below 
the  extreme  limit  of  the  river's  flood  plane.  It  has  therefore  frequently 
been  cut  out  or  filled  with  sand  during  the  river's  high  stages,  and  its 
owners  have  been  put  to  much  trouble  in  keeping  this  upper  section 
open*  At  3  or  4  miles  below  its  head  the  ditch  was  carried  for  over 
1,000  feet  along  a  smooth-surfaced  vertical  cliff  in  a  hanging  flume,, 
whose  iron  supports  were  firmly  anchored  to  the  solid  rock.  The 
ditch  at  Knights  Landing  was  at  such  elevation  that  but  a  short  tunnel 
was  necessary  to  carry  a  branch  northward  through  the  divide  into 
Little  Greek  Valley.  Its  water  was  there  used  in  one  of  the  pioneer 
vineyards  of  the  State,  the  property  of  Judge  Schell.  The  original 
cost  of  the  old  ditch  was  $80,000.  At  the  time  it  was  superseded  by 
the  new  work  its  waters  were  being  used  on  200  to  300  acres  of  orchard, 
vineyard,  and  garden  land. 

As  a  matter  of  history,  reference  may  be  made  in  this  connection  to 
the  Farmington  Water  Company,  whose  works  were  intended  to  sup- 
plant those  of  the  older  ditch.  This  company,  with  Colonel  Bulkley  as 
chief  engineer,  proposed.to  construct  a  loose-rock  dam  across  Stanislaus 
Eiver  one-quarter  mile  above  the  head  of  the  San  Joaquin  County  ditch 
and  to  turn  the  river  through  a  rock  cut  past  the  south  end  of  the  dam. 
The  location  selected  as  a  dam  site  was  a  favorable  one,  but  the  route 
from  the  dam  for  a  large  canal  for  2  or  3  nules  to  the  point  where  it 
was  proi)osed  to  construct  a  tunnel  through  the  ridge  between  the 
river  and  Little  John  Creek  was  not  favorable.    The  construction  of  the 
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tunnel  was,  however,  commenced,  and  it  was  driven  into  the  mountain 
700  feet  from  its  south  end  and  200  feet  from  its  north  end.  The  length 
of  the  finished  tunnel  would  have  been  1,940  feet.  This  work  was  done 
in  1874  and  1875,  but  was  not  carried  to  completion,  because  the  neces- 
sary financial  arrangements  could  not  be  made. 

The  successive  failures  to  accomplish  a  diversion  of  Stanislaus  Biver 
water  in  a  large  north-side  ditch,  including  a  number  that  did  not 
progress  far  beyond  the  recording  of  a  claim  to  water,  did  not  deter 
the  Stanislaus  and  San  Joaquin  Water  Company  from  undertaking  the 
work. 

The  canal  as  it  came  into  service  in  1896  received  water  through  an 
upper  ditch  extending  from  the  diverting  dam  to  the  proposed  new 
dam,  8  feet  wide  on  the  bottom,  sides  nearly  vertical,  water  depth  5 
feet,  and  a  fall  of  a  little  over  4  feet  to  the  mile.  Below  the  partially 
built  new  dam  the  ditch  for  a  distance  of  900  feet  is  9  feet  wide  on  the 
bottom  and  its  water  depth  was  increased  to  6  feet.  The  canal  then 
enters  a  flume  1,112  feet  long,  thence  flows  through  a  tunnel  1,047  feet 
long,  thence  for  1,520  feet  in  another  flume,  from  which  it  is  delivered 
into  a  second  tunnel  1,037  feet  in  length,  and  thence  by  ditch  and 
flumes  to  a  point  to  the  north  of  Knights  Ferry,  where  the  Farmingtnn 
Branch  is  sent  off  practically  on  the  line  of  the  old  Schell  Ditch  to 
Little  John  Creek. 

The  main  ditch  is  carried  from  there  in  a  flume  half  a  mile  long  across 
the  depression  to  the  north  of  Knights  Ferry,  thence  by  short  ditch 
into  a  natural  channel,  in  which  it  flows  westward  several  miles,  thence 
again  in  ditch  and  flumes  alternately  to  a  point  about  11  miles  west  of 
Knights  Ferry,  where  a  distribution  of  its  water  is  to  be  made  to  three 
branch  ditches  or  laterals;  of  these  one,  the  Escalon  lateral,  is  to  sup- 
ply water  to  the  uplands  near  Stanislaus  River;  a  second,  occupying 
the  natural  channel  known  as  Lone  Tree  Slough  and  continued  as 
Lathrop  lateral,  will  command  the  main  body  of  land  intermediate 
between  French  Camp  Creek  and  Stanislaus  Kiver;  and  the  third, 
taking  a  northwesterly  course,  is  to  skirt  the  foothill  base.  From  the 
main  ditch  a  flume,  in  part  supported  by  a  bridge,  has  been  carried 
across  Stanislaus  Biver  for  the  delivery  to  Oakdale  of  80  second-feet 
of  water. 

The  Farmington  Branch  flows  in  Little  John  Creek  about  11  miles, 
thence  in  a  ditch  on  the  north  side  of  the  creek  12  miles,  reaching  and 
extending  upon  the  valley  plain  to  the  northwest  of  Farmington.  It  is 
8  feet  wide  on  the  bottom,  will  carry  water  2  feet  deep,  and  has  a  fall  of 
1^  feet  to  the  mile.  The  Escalon  and  Lathrop  laterals  are  14  and  24 
feet  wide,  respectively.  They  were  not  complete  in  1896,  neither  had 
the  proposed  Clyde  lateral  been  constructed. 

The  upper  two  flumes  on  the  main  canal  are  10  feet  wide  by  6  feet 
deep.  These  are  followed  by  three  flumes  8  feet  wide  by  8  feet  deep. 
The  gradient  of  maiii  flumes  varies  from  1.9  to  nearly  2.5  feet  in  1,000. 
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The  flumes  below  Knights  Ferry  generally  are  8  feet  wide  and  6  feet 
deep,  on  a  grade  of  1.6  feet  in  1,000^  but  the  long  flame  is  an  exception; 
it  is  6  feet  wide,  5  feet  deep,  and  has  a  fall  of  11.4  feet  in  1,000.  The 
iipi)er  tunnel  is  12  feet  wide,  planned  to  carry  water  6  feet  deep,  on  a 
grade  of  1.5  in  1,000.  The  second  tannel  is  14  feet  wide,  but  has  a  grade 
of  only  1.1  in  1,000.  Where  the  upper  x)ortion  of  the  main  ditch  is  in 
excavation  it  is  an  enlargement  of  the  old  ditch.  The  outer  bank  of 
the  old  ditch  was  not  disturbed,  the  entire  enlargement  having  been 
effected  by  deepening  and  by  cutting  into  the  hillside.  The  new  ditch 
is  9  feet  wide  on  the  bottom;  it  is  to  carry  a  maximum  depth  of  6  feet 
of  water,  and  its  fall  is  0.9  foot  in  1,000. 

The  great  variability  in  capacity  which  the  above  dimensions  indicate 
is  to  be  accounted  for  in  a  measure  by  the  fact  that  farther  enlargement 
is  contemplated  and  that  the  new  work  was  fitted  to  the  old,  as  circum- 
stances i>ermitted.  The  total  expense  of  canal  enlargement,  not  includ- 
ing engineering  nor  rights  of  way,  was  about  $150,000.' 

Water  is  being  furnished  to  irrigators  very  nearly  on  the  same  plan 
as  that  adopted  by  the  Fresno  and  Orocker-Huffinan  companies,  and 
long  before  water  was  available  for  delivery  contracts  were  entered  into 
between  farmers  and  the  canal  company  according  to  which  the  land- 
owner pledged  himself  to  take  water  for  a  specified  tract  of  land  as  soon 
as  water  was  available,  and  to  pay  therefor  a  bonus  of  $10  per  acre,  in 
deferred  payments,  at  the  rate  of  50  cents  per  acre  per  annum,  with  inter- 
est at  6  per  cent  per  annum  on  the  amount  remaining  unpaid.  The  takers 
of  water  rights,  in  addition  to  the  payment  of  this  bonus,  also  obligate 
themselves  to  pay  an  annual  water  rental  at  the  rate  of  $1.50  per  acre. 
But  the  rate  per  acre  is  to  become  due  during  the  first  four  years  on  only 
so  much  of  the  land  as  is  actually  irrigated;  on  not  less,  however,  than 
one-fourth  of  the  entire  area  the  first  year  after  water  is  available,  on 
one-half  the  second  year,  on  three-fourths  the  third  year,  and  on  the 
full^acreage  the  fourth  year  and  thereafter.  The  water  rights  issued 
at  the  beginning  of  1896  covered  about  14,000  acres.  I^o  information  is 
available  as  to  extent  of  irrigation  during  the  first  season. 

Knights  Ferry  it  Toible  Mountain  Ditch  (also  known  as  Pentland 
Ditch). — ^This  ditch,  which  has  been  out  of  service  since  1881,  is  men- 
tioned because  before  its  final  abandonment  it  supplied  water  to  a  few 
acres  of  orchard,  vineyard,  and  garden  land  on  the  south  side  of  Stan- 
islaus River,  opposite  Knights  Ferry.  This  ditch  was  constructed  for 
mining  purposes  in  1855,  at  a  reported  cost  of  $210,000.  Its  head 
was  at  Sixmile  Bar,  about  a  mile  below  the  head  of  the  San  Joaquin 
County  Ditch.  At  that  point  a  log  dam,  30  feet  in  maximum  height, 
enabled  diversion  into  the  ditch,  which  was  cut  into  the  south  canyon 
wall.  The  location  was  not  favorable  for  a  ditch;  flumes  had  to  be 
used  at  a  number  of  points,  and  at  others  the  ditch  was  supported  by 

1  The  above  facte  relative  to  the  work  done  by  the  oeir  water  company  are  Itirgely  ftom  the  pnblished 
report  on  tiie  work  by  Prof.  George  Davidson. 
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a  high  outside  wall  of  dry  rabble.  The  flames  were  4}  fBet  wide  and  2 
feet  deep.  The  ditch  was  about  8  miles  long;  it  had  a  £eJl  of  about 
8  feet  to  the  mile.    Its  capacity  was  about  20  second-feet. 

Odkdale  Canal. — From  a  point  on  the  south  side  of  Stanislaus  Biver 
about  a  mile  below  Knights  Ferry,  a  canal  has  been  constructed  to 
Oakdale.  It  has  a  total  length  of  about  12  miles,  and  commands  the  low 
mesa,  or  second  bottom,  on  which  the  town  of  Oakdale  is  situated.  The 
construction  of  this  canal  was  commenced  about  1888,  but  much  diffi- 
culty was  exx>erienced  in  making  the  diversion.  At  its  head  a  loose- 
rock  dam  was  to  be  maintained  in  the  river.  This  was  constructed  of 
large  blocks  of  rock,  which  were  abundant  near  the  dam  site,  and  it  was 
expected  that,  if  piled  into  the  river  in  sufficient  quantity,  they  would 
form  a  riffle  or  sill  above  which  water  would  be  at  sufficient  elevation 
to  be  forced  into  the  canal.  The  low- water  plane  of  the  river  was  to 
be  raised  by  the  structure  about  8  feet  Seven  years  after  the  first 
construction  of  this  dam  the  river  was  still  annually  breaking  through 
it,  and  arrangements  were  then  made  with  the  Stanislaus  and  San 
Joaquin  Water  Company  to  take  water  to  the  extent  of  80  second-feet 
from  the  canal  of  that  company.  This  water  is  delivered  to  the  Oak- 
dale Oanal  at  a  point  some  distance  above  Oakdale,  through  a  flame 
which  spans  the  river. 

MOEZEIiUMirB    UTVER. 

HYDROGRAPHY. 

Mokelumne  Biver  is  the  most  northerly  of  the  Sierra  Nevada  streams 
which  are  directly  tributary  to  San  Joaquin  Biver.  Its  mountain 
drainage  basin  has  an  area  of  657  square  miles.  In  character  it  does 
not  differ  materially  from  the  Stanislaus,  the  Tuolumne,  and  the 
Merced.  Its  bottom  lauds  are  nearly  as  extensive  as  those  of  Merced 
Biver,  but  do  not  lie  in  so  compact  a  body.  They  extend  well  into  flie 
foothill  region  and  westward  to  near  Woodbridge.  At  that  point 
there  is  a  gradual  merging  of  the  upland  and  river  bottom,  this  point 
being  at  the  eastern  limit  of  lands  naturaUy  subject  to  inundation. 

The  river  is  subject  to  the  usual  freshet  flow  of  all  Sierra  Nevada 
rivers  in  winter,  and  has  a  pronounced  high  stage  late  in  spring,  due 
to  the  melting  of  snow.  Its  flow  in  April,  May,  and  June  is  generally 
3,000  to  4,000  second-feet.  At  its  lowest  stage,  in  the  fall  of  the  year, 
it  brings  less  than  100  second-feet  of  water  into  the  main  valley.*  The 
lesser  drainage  area  of  this  river  when  compared  with  the  others  of 
its  class  is  offset  in  a  measure  by  greater  rainfiEdl  throughout  its 
watershed. 

The  Southern  Pacific  Company  commenced  observations  of  gage 
heights-  on  this  river  in  1879  at  their  bridge  at  Lodi.  The  United 
States  Geological  Survey  made  a  number  of  measurements  of  discharge 

>  See  Phytioal  Data  and  StatisUos,  W.  H.  Hall,  State  engineer  of  California,  pp.  422,  478. 
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at  that  x>oint,  but,  owing  to  the  poor  character  of  the  section,  results 
were  not  altogether  satisfactory  and  the  station  was  discontinued. .  For 
results  of  the  work  at  this  point  see  various  reports  of  the  Survey.^ 

CANALS  AND  PROJECTS. 

As  most  of  the  water  of  this  river  flows  idly  to  the  sea,  it  is  not  with- 
out interest  to  inquire  why  the  water  is  not  utilized,  particularly  as  the 
upland  on  both  sides  of  the  stream  is  a  friable  sandy  loam  of  excellent 
quality,  well  adapted  for  irrigation. 

The  rainfall  of  this  portion  of  San  Joaquin  Yalley  is  about  15  to  20 
inches  per  annum,  enough  to  permit  cultivation  of  cereals  by  methods 
of  dry  farming,  and  even  to  make  orchards  and  vineyards  yield  a  fair 
return.  The  demand  for  water  has  never,  therefore,  been  very  impera- 
tive. On  the  other  hand,  many  projects  have  been  discussed  or  partially 
executed,  but,  on  account  of  engineering  and  financial  difficulties,  have 
met  with  entire  or  partial  failure.  The  most'  notable  project  was  that 
of  the  Mokelumne  Ditch  and  Irrigation  Company,  which,  under  its 
original  organization,  commenced  but  did  not  finish  the  construction  of 
a  high  masonry  over&U  dam  or  weir  at  the  Westmoreland  bridge  near 
Lancha  Plana.  After  many  years  of  inaction  work  was  again  under- 
taken in  1887.  The  dam  was  then  raised  and  repaired  and  work  on  the 
canal  was  commenced.  It  was  proposed  to  carry  water  in  a  large  canal 
on  the  south  side  of  the  river  along  and  through  the  hills  into  Bear 
Creek,  and  thence  to  the  eastern  border  of  the  valley  lands,  where  it 
was  to  be  put  into  a  system  of  branch  ditches  or  canals.  The  project 
failed  for  lack  of  funds. 

A  few  years  later  the  farmers  living  near  the  eastern  margin  of  the 
flood  limit  of  the  valley,  between  Stockton  and  Mokelumne  River,  gave 
sufficient  encouragement  to  the  Woodbridge  Canal  Company  to  warrant 
the  construction  of  their  x)roposed  canal.  The  river  was  brought  under 
control  and  raised  at  Woodbridge  by  a  series  of  gates,  equivalent  to  a 
movable  dam,  from  above  which  a  ciinal  was  cut  toward  the  south. 
The  canal  came  into  use  in  1891,  but  the  demand  for  water  was  not  so 
great  as  had  been  anticipated.  Financial  difficul  ties  increased  from  year 
to  year,  and  accidents  happened  to  the  head  works,  so  that  this  canal 
also  is  again  out  of  service.  The  irrigation  with  water  from  the  river, 
therefore,  is  practically  confined  to  a  few  acres  of  bottom  land  served 
by  small  neighborhood  ditches,  such  as  the  Bahmert  Ditch,  on  the  north 
side  of  the  river  some  miles  above  Clement.  The  principal  mountain 
ditches  which  are  fed  by  the  river  and  its  tributaries  are  still  in  service 
for  mining  and  domestic  use  rather  than  for  irrigation. 

1  Twelfth  Ann.  Kept.  U.  S.  GeoL  Survey,  Fart  II,  1891,  p.  823,  PL  LXXXVII ;  BnU.  "No.  131, 1805,  p.  86 ; 
Bull.  No.  140, 1888.  p.  308. 
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WEST-SIBE  CREEKS  AND  OTHKB  STBEAMS  OF  SAN 

JOAQUTN  VAIiliEY. 

From  this  accoant  of  irrigation  in  San  Joaqnin  Yalley  it  will  appear 
that  here,  as  well  as  in  the  State  at  large,  irrigation  is  a  local  rather 
than  a  general  aid  to  farming  operations,  and  that  ample  opportanity 
remains  for  farther  development.  This  is  particularly  true  of  the  most 
northerly  portion  of  the  valley,  and  applies  with  increasing  force  to 
Sacramento  Valley,  where  irrigation  has  thus  far  barely  secured  a  foot- 
hold. It  remains  to  be  said,  however,  that  the  foregoing  chapters  are 
not  to  be  considered  exhaustive,  because  neither  time  nor  means  at 
command  permitted  a  revisit  to  the  entire  field,  and  little  or  no  attention 
has  been  given  to  the  lesser  irrigation  work  from  smaU  creeks  inter- 
mediate between  the  more  important  streams. 

On  the  west  side  of  the  valley  are  a  number  of  small  irrigation  works 
which  draw  their  supply  from  the  creeks  of  the  Coast  Bange.  These 
streams  are  torrential  in  character.  Their  flow  is  occasionally  consider- 
able during  severe  storms,  but  it  is  of  brief  duration.  Ordinarily  the 
run-off  is  very  slight,  and  in  many  winters  the  streams  remain  almost 
unaffected  by  the  light  fall  of  rain  on  the  eastern  slopes  of  the  Coast 
Eange.  This  uncertainty  of  supply  interferes  with  attempts  to  bring 
them  under  control  for  irrigation  purposes.  Here  and  there,  however, 
some  success  has  been  had,  particularly  on  those  creeks  having  the 
largest  drainage  basins.  This  has  been  the  case  on  Los  Gatos  Greek 
just  above  Huron,  which  has  a  drainage  area  of  441  square  miles.  The 
bed  of  this  creek  some  miles  above  Huron  remains  moist  during  sum- 
mer, and  diverting  works  there  constructed  (in  part  at  least  of  sheet  pil- 
ing, nearly  equivalent  to  a  submerged  dam)  have  developed  a  flow  of  6 
to  8  second-feet  for  the  Pleasant  Yalley  Ditch,  which  is  a  private  ditch 
in  use  for  the  irrigation  of  a  tract  of  alfalfa. 

The  favorable  indications  near  the  head  of  this  ditch  for  the  develop- 
ment of  a  larger  water  supply  encouraged  the  farmers  to  the  east  of 
Huron  to  form  an  irrigation  district,  which  was  organized  in  1891.  It 
is  known  as  the  Huron  irrigation  district,  and  has  an  area  of  about 
20,000  acres.  A  plan  of  works  was  adopted,  but  no  bonds  were  sold 
and  no  construction  work  has  been  done. 

Rotable  among  great  works  projected  but  not  carried  out  was  the 
west-side  canal,  which  was  to  have  been  fed  with  water  from  Tulare 
Lake,  it  having  been  assumed  at  the  time  the  project  was  under  dis- 
cussion, in  1876  and  1877,  that  the  lake  could  be  relied  on  to  overfiow 
annually.  As  there  has  been  no  such  overflow  for  about  twenty  years, 
it  appears  fortunate  that  the  project  was  not  undertaken. 

The  subject  of  irrigation  and  water  development  from  artesian  wells 
should  not  be  entirely  neglected  in  treating  of  irrigation  in  San  Joaquin 
Yalley,  but  space  will  not  permit  of  its  consideration  in  this  paper. 
For  information  on  the  subject  reference  may  be  made  to  the  special 
bulletin  of  the  Eleventh  Census,  Beport  on  Agriculture  by  Irrigation 
in  the  Western  Part  of  the  United  States,  by  F.  H.  Newell,  page  50. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Intebiob, 
United  States  Geological  Suetby, 

Division  of  Hydrography, 

Washington,  July  15, 1898. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Experiments  with  Windmills,  prepared  by  Mr.  Thomas  O.  Perry. 
These  experiments,  as  described  by  Mr.  Perry,  were  carried  on  daring 
the  years  1882  and  1883  for  the  United  States  Wind  Engine  and  Pump 
Company,  of  Batavia,  Illinois.  As  a  result  of  these  exi)eriments  radi- 
cal changes  and  improvements  were  made  in  the  windmills.  As  a 
matter  of  business  policy  the  company  did  not  desire  that  the  results 
of  these  tests  should  be  made  known  for  some  years.  After  the  expi- 
ration of  a  certain  time,  however,  the  data  have  been  placed  at  the 
disposal  of  the  public  through  the  kindness  of  the  officers  of  the  com- 
pany and  the  efforts  of  Mr.  Perry.  Although  as  the  result  of  this  work 
great  changes  have  been  made  in  windmills,  many  of  the  suggestions 
made  have  not  yet  been  put  into  practice  and  may  serve  as  a  foundation 
for  further  work  along  this  line.  The  importance  of  the  windmill  as  a 
means  of  utilizing  the  water  resources  of  a  part  of  the  country  is  so 
great  that  all  available  information  on  the  subject  should  be  diffused 
and  brought  to  the  attention  of  persons  who  can  make  use  of  the  facts. 
I  respectfully  request,  therefore,  that  this  manuscript,  with  a  brief  intro- 
duction, be  printed  as  one  of  the  series  of  i)amphlets  on  water  supply 
and  irrigation. 

Very  respectfully, 

F.  H.  Newell, 
Hydrographtr  in  Charge. 

Hon.  Charles  D.  Walcott, 

IHrecior  United  States  Geological  Survey. 
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INTRODUCTION. 


By  F.  H.  Newell. 


Daring  the  progress  of  investigation  of  the  extent  to  which  the  arid 
lands  can  be  reclaimed  by  irrigation  and  of  the  related  question  of  the 
occnrrence  of  water  andergronnd  attention  has  been  continually  drawn 
to  the  prsictical  methods  of  bringing  the  nndergroand  water  to  the 
surface.  Throughout  a  great  part  of  the  arid  and  semiaridi*egion  there 
are  localities  where  water  can  be  obtained  at  a  short  distance  from  the 
surface.  The  amount,  although  not  large  in  the  aggregate  when  com- 
pared with  the  quantity  in  some  notable  stream  or  lake,  is  yet  inex- 
haustible by  the  ordinary  methods  of  pumping.  If,  therefore,  this 
water  which  exists  from  10  to  50  feet  beneath  the  surface  could  be 
cheaply  raised,  it  would  be  practicable  to  utilize  for  agriculture  tracts 
which  otherwise  have  little  or  no  value. 

The  irrigation  of  20  acres  in  the  midst  of  a  section  or  township  of 
land  is,  figuratively  speaking,  a  mere  drop  in  the  bucket;  but  the 
reclamation  of  this  small  area  generally  means  the  utilization  of  adjoin- 
ing lands.  If,  for  example,  20  acres  of  some  forage  crop  like  alfalfa  is 
made  i)08sible,  this  will  result  in  obtaining  a  considerable  amount  of 
winter  feed  used  in  the  sustenance  of  a  herd  which  can  be  pastured 
upon  the  surrounding  dry  land.  The  successful  cultivation  of  this 
20  acres  may  thus  directly  or  indirectly  support  a  family,  and,  with 
increased  experience  and  adaptation  to  the  surrounding  conditions, 
the  family  may  in  turn  give  place  to  a  rural  community.  Given  the 
existence  of  sufficient  water  underground  to  irrigate  the  20  acres, 
the  first  question  is  that  of  ways  and  means  of  bringing  the  water  to 
the  surface. 

The  force  which  is  ever  present,  making  itself  persistently  felt 
throughout  the  Great  Plains  region,  is  the  wind,  which  blows  almost 
continuously.  It  carries  the  dust  before  it,  cuts  out  the  traveled  roads, 
carries  away  the  fine  earth  of  the  tilled  fields,  and  buUds  up  a  fine 
loess,  almost  everywhere  to  be  found.  The  wind,  which  has  so  long 
been  considered  as  an  annoyance  and  mischief-maker,  has  sufficient 
strength  to  perform  the  work  of  bringing  water  to  the  surface,  if  only 
suitable  means  of  directing  its  energy  can  be  discovered. 

The  windmill  is  the  best-known  method  of  converting  wind  energy 
into  work.    In  one  form  or  another  it  has  been  used  from  times  ante- 
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dating  the  dark  ages.     In  the  twelfth  century  windmilla,  built  either 
by  individuals  or  by  communities,  were  common.     Some  of  these  millB 
were  of  enormous  size.    In  the  German  type  the  whole 
building  on  which  the  mill  was  placed  was  constructed 
in  such  a  manner  As  to  turn  on  a  post  in  order  to  bring 
the  sails  into  the  wind.    In  the  Dntch  form  the  build- 
ing was  fixed,  but  the  head  of  the  mill  could  be  turned 
into  the  wind.    The  most  notable  use  of  these  early 
mills  was  in  Holland,  where  the  land  waa  drained  by 
pumping  water  from  behind  the  dikes  into  the  Bea.    In 
1391  the  bishop  of  Utrecht,  holding  that  the  wind  of 
the  whole  province  belonged  exclusively  to  him,  gave 
to  the  convent  at  Windsheim  express  permission  to 
build  a  windmill  wherever  it  was  thoaght  proper.     In 
so  doing  lie  overruled  a  neighboring  lord  who  declared 
.i     that  the  wind  in  the  district  belonged  to  him.    Three 
I     years  later  the  city  of  Haarlem  obtained  leave  from 
■%     Albert,  Couut  Palatine  of  the  Khiue,  to  baild  a  wind- 
i     mill,  Qsing  the  wind  of  the  country.' 
I        The  huge,  clumsy  windmills  of  European  make,  one 
f     of  which  was  erected  at  Lawrence,  Kansas,  within  the 
■«    memory  of  the  present  inhabitants,  have  within  a  few 
J     decades   given   place  in   this  country  to   the  light, 
I     rapidly  running  forms.    Thonsands  of  these  have  been 
I     made  by  various  firms  throughout  the  country.    At 
I     first  wood  was  ased  almost  exclusively,  but  this  is 
c    being  rapidly  displaced  by  metal,  especially  by  thin 
^     steel   plates    and    forgings.     Although    millions   of 
~     dollars  have  been  invested  in  the  manufacture  and 
h    purchase  of  mills  and  much  attention  has  been  given 
to  the  mechanical  details  and  the  saving  in  weight  and 
cost,  yet  comparatively  little  stndy  has  been  bestowed 
upon  the  actual  efficiency  of  the  various  forms  and 
upon  their  development  toward  theoretical  ideals. 

A  view  of  gardens  (^uItivated  by  water  pumped  by 
windmills  is  shown  in  the  accompanying  plate  (PI.  II). 
This  picture  has  been  taken  from  a  windmill  platform. 
In  the  foreground  is  a  small  reservoir,  divided  by  a 
bank  in  the  middle,  so  that  one  part  may  be  used  inde- 
pendently of  the  other.  The  part  nearer  the  observer 
is  the  older;  the  second  part  is  a  recent  addition,  ren- 
dered necessary  by  the  increase  of  the  area  cultivated. 
Without  windmills  the  cnltivation  of  the  tract  of  coun- 
tiy  shown  iu  tlii^  picture  would  be  impossible.  It  is  doubtful  if  a  single 
cow  could  find  subsistence  on  the  area  which  now  supports  a  family. 
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Another  small  reservoir  mid  wiadmill  is  shown  on  PI.  III.  This 
reservoir  is  in  the  corner  of  a  suLall  soborban  track  farm,  to  which  it 
fdmiahes  water  both  for  vegetables  and  trees.  Tbe  owner  has  stocked 
a  amall  pond  with  fish  and  from  it  obtains  an  ample  supply  for  bis 
own  nse.  On  the  right-hand  side  is  shown  the  outlet  gate,  through 
which  water  is  discharged  into  a  ditch,  and  that  iu  tora  empties  into 
furrows  numing  near  the  f^nit  trees  aod  traversing  tbe  cultivated 
ground. 

Id  fig.  1  is  given  a  section  through  one  of  these  small  reservoirs^ 
showing  at  the  bottom  the  puddled  earth  or  clay  that  prevents  the 
water  from  seeping  into  tbe  ac^acent  gronud.  Ou  this  paddled  earth 
the  banks  are  bnilt  at  a  height  of  teoai  4  to  10  feet.  These  are  osoally 
bailt  by  plowing  and  scraping  up  the  earth  from  the  outside,  the  tramp- 


Fis.  3.— Wlndmflls  and  Dlronlkr  reMTTotr. 

tng  of  the  horses  and  the  men  serving  to  cbusolidate  it.  When  the 
bauk  has  been  bnilt  to  the  proper  height  it  is  smoothed  aud  sodded. 
On  the  right-haud  side  of  the  figure  is  the  pipe  or  wooden  fiume  from 
the  windmill,  and  on  the  left-hand  side  is  stlown  the  outlet  box,  which 
is  usually  built  of  2  inch  plank.  Tliia  is  closed  by  some  simple  form  o( 
wooden  gate  or  valve,  either  lifted  by  means  of  a  screw  or  hinged  so  as 
to  opeu  outward,  and  is  held  iu  place  by  tbe  pressure  of  the  wnter 
against  it. 

The  square  reservoir  is  the  form  nsually  adopted.  Tbe  mills,  as  in 
the  other  cases,  are  placed  on  each  side,  pumping  through  short  wooden 
flumes  over  the  bank.  Tbese  reservoirs  are  not  only  used  for  holdiog 
water  for  irrigation,  bnt,  as  Itefore  stated,  with  a  little  care  serve  as 
ponds  for  raising  fish. 

A  view  of  one  of  these  small  square  reservoirs  is  shown  on  the  accom- 
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paii;iug  plate  (PI.  IV).  The  banks  are  obscnred  by  the  luxnriant 
growth  of  weeds.  The  sarface  of  the  wat«r  is  a  little  higher  than  the 
general  level  of  the  land,  so  that  a  supply  can  be  drawn  by  gravity 
directly  to  the  adjacent  fields. 

Fig.  2  gives  a  nearer  view  of  one  of  these  earth  reservoirs,  which  in 
tliis  case  has  been  built  nearly  circular  in  form.    The  two  windmills 

which  eopply  the 
water  are  placed 
upon  opposite  sideB, 
in  order  that  the 
pumps  may  be  as 
far  apart  as  possible. 
In  many  instances 
three  or  even  four 
mills,  each  of  mod- 
erate size,  are  placed 
arouDi]  a  reservoir 
of  oooaiderabic  size. 
Tbe  banks,  made  of 
earth,  are  covered 
with  sod  to  protect 
them  ftom  washing 
by  the  rain  and  by 
the  waves  during 
times  of  high  winds. 
Fig.  3  represents 
an  adaptation  of  a 
windmill  for  nse  in 
domestic  water  sup- 
ply or  for  foruiahiog 
water  to  a  village 
or  small  town  under 
considerable  press- 
ure. The  wind  en- 
gine iserected  on  the 
top  of  a  high  steel 
tower,  which  also 
supports  a  wooden 
tank  with  snltable 
cover  to  protect  the 
water  from  loss  by  evaporation.  This  device  is  generally  employed  by 
railroad  companies  at  stations  on  tbe  Great  Plains,  where  the  wind  may 
be  depended  npon  to  force  a  sufficient  supply  into  tbe  tank  for  use  by 
locomotives  or  for  tbe  railroad  shops  and  offices.  Many  towns  also 
depend  for  their  water  supply  upon  a  windmill  pumping  water  into  an 
elevated  tank,  particularly  where  tbe  general  nnrface  is  so  nearly  level 
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that  it  is  impossible  to  construct  a  small  earth  reservoir  within  reason- 
able distance  of  the  principal  buildings. 

The  device  shown  in  PI.  V",  JL,  which  has  been  employed  to  a  consid- 
erable extent  in  the  Great  Plains  region,  is  usually  constructed  by  the 
owners.  The  merit  of  the  device  is  its  cheapness.  It  may  be  built 
mainly  of  old  lumber  and  other  material  that  can  often  be  found  about 
the  fimn,  such  as  axles  or  other  gear  from  old  farm  machinery,  bale 
wire  for  staying  the  sails,  and  pieces  of  wood  or  metal  which  may 
be  classed  as  old  junk.  The  machine  can  not  be  recommended  on  the 
ground  of  efficiency  or  economy.  If  a  farmer  has  sufficient  capital  to 
purchase  and  erect  a  good  windmill  he  will  undoubtedly  succeed  better 
than  by  spending  his  time  in  making  the  cheaper  device.  On  the  other 
hand,  in  situations  where,  as  is  often  the  case  in  a  dry  region,  the 
farmer  has  lost  crops  year  after  year,  has  exhausted  his  resources,  and 
is  on  the  verge  of  bankruptcy,  a  contrivance  of  this  kind  may  serve  to 
save  a  small  crop  and  give  him  a  new  start.  In  such  instances  there 
usually  will  be  found  pieces  of  broken-down  machinery  about  the  feurm. 
Time  and  labor  are  commonly  of  little  value  where  the  ordinary  farm- 
ing operations  have  been  unsuccessful,  so  that  by  the  exercise  of  a 
little  ingenuity  the  material  and  energy  that  otherwise  would  be  wasted 
may  be.  turned  to  advantage. 

The  mill  or  engine  consists  of  a  shaft  of  wood  or  iron  placed  horizon- 
tally and  supported  at  each  end.  Upon  this  sails  are  fastened  by  arms 
extending  out  at  right  angles.  On  each  end  of  the  shaft  is  attached  a 
crank,  and  each  of  these  cranks  in  turn  drives  some  simple  form  of 
homemade  pump.  The  lower  half  of  the  mill  is  boxed  in,  and  thus 
forms  a  small  building  without  roof,  above  which  project  the  arms  car- 
rying the  sails. 

As  illustrating  another  homemade  device,  PI.  Y,  £,  has  been  intro- 
duced. This  mill  and  water  elevator,  invented  by  the  owner,  has  been 
successfully  used  to  furnish  water  for  irrigation,  and,  although  not  by 
any  means  an  economical  device,  nor  one  that  can  be  recommended,  it 
has  served  its  purpose.  In  other  words,  while  as  a  rule  it  is  economical 
to  purchase  the  best,  there  are  circumstances  and  times  when  for 
special  reasons  the  best  mill  can  not  be  had,  but  it  is  still  practicable 
to  construct  a  machine  which  will  accomplish  the  desired  end,  that  of 
getting  water  from  the  ground  upon  the  land. 

These  examples  might  be  almost  indefinitely  multiplied,  but  are  suf- 
ficient to  demonstrate  the  principle  that  with  energy  and  ingenuity  a 
start  toward  irrigation  can  be  made.  When,  however,  some  experi- 
ence has  been  had  in  irrigation  and  newer  mills  are  being  procured,  it 
is  highly  essential  for  continued  success  that  something  better  than 
the  ordinary  form  of  mill  be  obtained.  Many  of  these  have  been 
designed  for  some  other  purpose  than  that  of  raising  large  quantities 
of  water  through  a  short  distance  for  irrigation.  Some,  for  example, 
have  been  built  with  the  idea  of  pumping  a  small  quantity  from  great 
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depth  for  watering  stock.  Such  mills,  as  a  rule,  do  not  fill  the  require- 
meutii  of  the  irrigator.  Thousands  of  windmills  are  in  use  and  tbou- 
Bands  more  will  be  purchased,  involving  expenditures  on  the  part  of 
farmers  aggregating  millions  of  dollars.  A  saving  of  even  a  small 
percentage  in  cost  and  economy  is  therefore  a  matter  of  considerable 
importance  in  the  continued  development  of  the  water  resources  of  the 
country. 

Fig.  i  shows  two  windmills  so  arranged  as  to  pump  into  a  reservoir 
built  of  earth,  placed  upon  the  highest  part  of  a  farm.  Running  night 
and  day  the  pumps  supply  Buch  a  quantity  of  water  to  the  reservoir 
that  when  needed  a  considerable  volume  can  be  drawn  at  once,  filling 


Fin.  4. -Irrigating  dllch  leading  from  e*rth  rBscrroir  mied  h7«liiilnlll«. 

a  ditch  of  as  large  size  as  is  ordinarily  built  for  irrigating  a  field  of 
from  10  to  20  acres. 

Fig.  5  illustrates  one  of  the  methods  nsed  to  distribute  small  quanti- 
ties of  water,  such  as  may  be  bad  from  the  tank  or  reservoir  of  a  wind- 
mill, lu  the  drawing  the  banks  are  represented  as  made  of  cement  or 
of  wooden  planks,  such  as  are  used  in  portions  of  California,  where 
water  has  especial  valne.  The  usnal  practice,  however,  within  the 
Great  Plains  region  is  to  make  the  ditches  of  earth  and  to  place  the 
litile  gates  in  wooden  ft^amex.  Sometimes  instead  of  using  gates 
the  irrigator  controls  the  water  by  shoveling  earth  into  the  ditches  and 
fiirrows,  backing  up  the  water  until  it  overflows  the  bank  or  comes  out 
tbrongb  on  opening  made  by  means  of  the  shovel.  As  shown  in  the 
figure,  the  water  tiowing  in  the  main  stream  from  right  to  left  is 
checked  by  small  gates  and  forced  to  flow  laterally  through  fnrrows, 
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aud  is  again  checked  in  tbese  and  forced  out  upon  the  beds  lying  on 
each  side  of  the  furrow.  When  a  certain  portion  is  wet  the  small 
gates  are  ac^usted  so  as  to  force  the  water  over  other  portions. 


•k^'Mif*^     -   .^ffw 
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Fio.  5.— DUtribution  of  water  to  small  beda. 


Where  land  has  a  decided  fall  or  is  rolling  and  it  is  too  expensive  to 
terrace,  a  system  of  distributing  the  water  must  be  devised  suited  to  the 
contour  of  the  ground.  In  the  case  shown  by  the  accompanying  figure 
(fig.  6)  the  water  enters  the  distributing  ditches  at  the  upper  left-hand 


Fio.  8.— Diatribntion  ayatem  adapted  to  inegnUr  land. 

corner  aud,  dividing,  flows  through  these  and  again  into  still  smaller 
ditches,  from  which  it  is  turned  laterally  into  furrows.     The  flow  is 
checked  from  point  to  point  by  little  dams  or  temporary  obstructions  of 
IRR  20 2 
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earth.  After  the  water  passes  ont  upon  a  field  any  sarplns  is  caaght 
by  a  small  trench  shown  in  the  fignre  as  trending  diagonally  toward 
the  right-hand  lower  comer,  and  from  this  in  turn  the  water  can  be 
caused  to  flow  out  upon  the  lower  fields,  so  that  the  excess  or  seepage 
from  the  higher  portions  is  not  wasted  but  is  employed  in  the  irriga- 
tion of  the  lower  parts  of  the  farm. 

There  are  many  other  devices  by  which  water  pumped  by  iprindmills 
may  be  stored  and  distributed,  but  those  briefly  described  above  are 
among  the  most  common.  It  is  sufficient  at  this  time  to  make  mention 
of  these  in  order  to  bring  out  the  fact  that  experiment  has  demonstrated 
that  it  is  practicable  to  irrigate  land  by  water  pumped  by  windmills. 
Many  farmers  in  various  parts  of  the  United  States  are  dependent  for 
their  living  on  this  system  of  agriculture,  and  others  are  seeking  to 
gain  knowledge  by  which  they  may  better  their  condition  by  providing 
a  water  supply  for  use  in  times  of  drought.  This  is  true  not  only  of  the 
West,  but  of  the  East  and  the  South,  especially  in  regions  where  the 
soil,*  though  fertile,  is  light  and  becomes  dry  if  the  rains  do  not  occur 
with  great  regularity.  Even  on  the  Atlantic  seaboard  the  early  track 
farmers  are  experimenting  with  devices  of  this  character,  copying 
methods  which  have  already  proved  successful  in  Kansas.  Modifica- 
tions in  mills  and  other  machinery  are  doubtless  necessary  to  suit  local 
conditions.  For  a  given  purpose  one  mill  may  be  far  better  than 
another,  and  of  two  wind  engines  similar  in  cost  one  may  be  actually 
worth  two  or  three  times  as  much  as  the  other. 

The  dynamometric  experiments  carried  on  by  Mr.  Perry,  as  described 
in  the  following  pages,  have  brought  out  maijy  important  points  upon 
which  depend  the  relative  efficiency  of  various  mills  and  the  advantages 
of  one  type  over  another.  Some  of  these  points  have  already  been  con- 
sidered and  made  use  of  in  mills  now  on  the  market,  while  others  of 
equal  or  greater  importance  are  awaiting  practical  application  and 
ingenuity.  It  is  hoped  that  by  the  publication  of  these  facts  interest 
will  be  aroused  and  inventors  will  be  stimulated  to  continue  work  along 
various  lines,  leading  to  further  improvement  and  to  a  consequent 
cheapening  of  the  cost  of  raisiug  water  by  wind  power. 
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By  Thomas  O.  Perby. 


GENERAL  STATEMENT. 

The  experiments  with  wind  wheels  described  in  the  following  pages 
were  commenced  Jane  1, 1882,  and  concluded  September  15, 1883.  At 
that  time  wind  wheels  in  this  country  were  nearly  all  made  with  narrow 
wooden  slats  for  sails,  set  at  various  angles  with  the  plane  of  the  wheel, 
ranging  from  35  to  45  degrees. 

The  slats  were  usually  placed  as  close  together  as  possible  without 
having  their  projections  on  the  plane  of  the  wheel  overlap.  The  pro- 
portions of  sail  surface  and  their  angles  of  weather  were  apparently 
arrived  at  without  any  well-defined  purpose.  The  only  exi)eriments 
made  in  the  United  States,  so  far  as  could  be  learned,  related  to  start- 
ing forces  only.  They  did  not  include  the  measurement  of  work  in  foot- 
XK>unds.  The  only  well-defined  experiments  with  wind  wheels,  the 
records  of  which  were  available,  were  those  made  in  England  by  John 
Smeaton,  F.  B.  S.,  about  one  hundred  and  twenty-five  years  before. 
Smeaton's  paper,  On  the  Construction  and  Effects  of  Windmill  Sails, 
was  read  before  the  Royal  Society  May  31  and  June  14, 1759,  and  to 
this  day  has  remained  the  only  definite  available  source  of  information 
on  the  subject  treated.  The  paper  was  republished  in  Tredgold's  Tracts 
on  Hydraulics,  a  copy  of  which  was  received  before  these  experiments 
were  commenced. 

It  had  been  especially  noted  that  Smeaton's  angles  of  weather  were 
much  less  than  those  in  common  use  in  this  country,  and  note  had 
also  been  taken  of  his  statement  to  the  effect  that  the  work  of  a  wind 
wheel  is  not  increased,  but  diminished,  by  crowding  it  with  sails  so 
that  their  total  surface  exceeds  about  seven-eighths  of  the  circular 
area  containing  them.  The  universal  practice  here  was  to  crowd  the 
wheel  with  slats  until  the  total  sail  surface  exceeded  the  total  area  of 
the  annular  zone  containing  them  by  more  than  one-fifth  of  the  whole 
zone;  according  to  Smeaton,  this  was  adding  to  the  greatest  possible 
effective  sail  area  more  than  39  per  cent  additional  area  of  worse  than 
useless  surface.  If  a  large  part  of  the  material  could  be  saved,  and  at 
the  same  time  a  considerable  increase  in  power  be  effected,  no  slight 
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gain  would  be  secured.  Smeaton's  experiments  were  made  so  long  ago 
that  they  were  disregarded,  if  they  were  ever  noticed,  by  the  builders 
of  modem  wind  wheels.  Oar  experiments  fully  confirmed  Smeaton^s 
results  in  regard  to  the  greatest  effective  amount  of  sail  area,  although 
we  do  not  necessarily  accept  Smeaton's  judgment  that  it  is  not  profit- 
able to  increase  the  total  area  of  sails  beyond  about  37  per  cent  of  the 
annular  zone  containing  them. 

In  wheel  No.  3  we  followed  closely  Smeaton's  angles  of  weather^  but 
did  not  obtain  so  good  results  as  with  greater  angles.  In  fact,  we  were 
not  able  to  obtain  the  best  results  with  weather  angles  so  small  as 
Smeaton's  in  any  of  our  wind  wheels.  Nor  did  our  sail  speeds,  as 
compared  with  wind  velocity,  nearly  approach  the  speeds  obtained 
by  Smeaton.  Even  our  unloaded  wheels  did  not  show  the  sail  speed 
attained  by  the  best  of  Smeaton's  wheels  when  loaded  for  maximum 
work. 

This  difference  in  the  ratio  of  sail  speed  to  wind  velocity  constituted 
the  greatest  disagreement  between  his  results  and  ours.  Our  loads  at 
the  maximum  of  work  were  smaller  as  compared  with  greatest  loads, 
and  the  speeds  of  revolution  at  maximum  work  as  compared  with 
speeds  of  unloaded  wheels  were  smaller  for  our  wheels  than  for  Smea- 
ton's. The  general  laws  established  by  Smeaton,  as  enunciated  in  his 
eight  <^  maxims,"  were  substantially  confirmed  by  our  experiments. 
The  law  of  cubes  pertaining  to  maximum  products  and  the  law  of 
squares  pertaining  to  greatest  loads,  or  starting  forces,  were  more 
exactly  fhlfilled  in  our  experiments  than  in  Smeaton's.  The  differ- 
ences in  results  as  regards  angles  of  weather,  si>eeds,  and  best  loads 
might  have  bedn  due  to  differences  in  the  construction  of  the  wheels. 

Smeaton  constructed  his  wheels  after  the  manner  of  windmill  con- 
struction in  his  time,  and  we  constructed  our  wheels  mostly  after  the 
methods  adopted  by  American  manufacturers  at  the  time  we  experi- 
mented. Our  methods  of  experiment  were  similar,  though  Smeaton's 
experiments  were  conducted  on  a  much  smaller  scale  with  smaller 
wheels,  and  his  appliances  generally  were  crude  as  compared  with 
our  own. 

Smeaton  allowed  about  one-eighth  of  his  total  applied  load  as  the 
equivalent  additional  load  due  to  friction.  This  friction,  as  Smeaton 
determined  it,  was  in  reality  friction  at  starting  only,  and  it  must  have 
been  much  in  excess  of  the  friction  under  the  rapid  revolutions  of  his 
wheels,  and  helped  considerably  to  swell  his  products. 

Still  another  allowance  must  be  made  in  comparing  Smeaton's  effi- 
ciencies with  ours,  on  account  of  the  relative  shortness  of  the  sweep, 
which  carried  his  wheels  in  a  circle  against  still  air.  The  velocity  of 
the  centers  of  his  wheels  was  taken  as  the  equivalent  velocity  of  wind. 
As  a  matter  of  fact,  some  point  beyond  the  center  of  the  wind  wheel, 
farther  away  from  the  axis  of  the  sweep,  should  have  been  taken  to 
represent  wind  velocity.    The  distance  from  the  axis  of  Smeaton's 
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sweep  to  the  extremity  of  his  sail  as  it  revolved  was,  when  greatest, 
nearly  double  its  least  distance,  and  the  energy  of  the  wind  acting  on 
the  tip  of  his  sail  was  more  than  seven  times  as  great  at  the  maximnm 
as  at  the  minimum  distance.  To  compute  accurately  the  total  wind 
energy  intercepted  by  the  wheel,  lifter  taking  into  account  the  various 
velocities  of  impingement,  would  be  an  interesting  problem  in  integral 
calculus. 

The  differential  expression  for  work  is  easily  found,  but  the  integra- 
tion is  not  so  simple.  An  approximate  calculation  shows  that  the  wind 
energy  intercepted  by  Smeaton's  wheel  was  more  than  7  per  cent  in 
excess  of  what  it  would  have  been  had  all  points  of  the  wheel  met  the 
air  with  the  same  velocity  as  at  the  center.  The  difference  is  not  so 
large  as  one  would  expect  from  the  great  <1ifference  in  energy  at  extreme 
positions.  We  doubt  whether  anything  should  be  deducted  from 
Smeaton's  products  on  this  account,  for  only  a  very  limited  portion  of 
the  sails  could  have  a  proper  relative  velocity  with  respect  to  the  wind. 
Our  wheels  were,  of  course,  similarly  affected,  although  in  considera- 
bly less  degree. 

Weisbach's  theoretical  formulsd  for  wind  action,  if  correct,  would 
cast  a  cloud  over  Smeaton's  results;  for  he  concludes  his  rather  elab- 
orate mathematical  discussion  with  these  words:  *' According  to  thede 
experiments  [Smeaton's]  the  action  of  the  wind  in  general  upon  sail 
wheels  is  greater  than  is  given  either  by  the  theory  or  by  Coulomb's 
experiments."  Coulomb's  very  incomplete  experiments  seem  to  have 
been  a  great  source  of  consolation  to  those  mathematicians  whose 
theories  would  not  permit  the  realization  of  efficiencies  so  great  as 
Smeaton  obtained. 

Our  own  exi>erience  with  wind  wheels  in  actual  use,  in  widely  differ- 
ent lines  of  work,  and  the  testimony  of  many  persons  using  them, 
convince  us  that  the  efficiencies  we  obtained  and  which  Smeaton 
obtained  in  artificial  wind  are  not  so  great  as  those  commonly  obtained 
now  in  natural  wind.  We  consider  our  experiments  valuable  princi- 
pally on  account  of  the  comparisons  made  and  the  insight  they  afford 
into  the  causes  of  waste.  ^  Through  the  courtesy  of  Mr.  H.  K.  Wade, 
manager  of  the  United  States  Wind  Engine  and  Pump  Company,  of 
Batavia,  Illinois,  we  are  enabled  to  reproduce  the  original  records  of 
our  experiments  on  wind  wheels  as  they  were  made  in  1883. 

APPARATUS. 

Our  experiments  were  conducted  in  a  room  about  36  feet  wide,  48 
feet  long,  and  19  feet  high  from  floor  to  roof  trusses. 

Pis.  VI  and  VII  repTesent,  in  elevation  and  plan,  as  a  whole,  the 
apparatus  that  was  used  and  show  portions  of  the  roof  trusses  under- 
neath which  the  sweep  was  susx>ended.  The  rear  end  of  the  sweep, 
not  shSwn,  carried  a  counterweight,  which  caused  the  whole  apparatus 
to  balance  on  the  central  shaft.    Two  rollers  carried  by  the  sweep  on 
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opposite  sides  of  the  suspending  shaft  ran  lightly  over  a  large  circular 
track  and  prevented  vertical  oscillations.  Pis.  YIII  and  IX  present 
enlarged  views,  showing  the  details  of  the  dynamometer  and  its  method 
of  application. 

These  four  plates  and  the  illustrations  of  wind  wheels  Nos.  3,  6, 19, 
24,  29,  39,  40,  44,  60,  and  61  were  recently  prepared  from  data  in  our 
possession.  The  illustrations  of  wheels  Nos.  2,  35,  and  48  are  repro- 
ductions of  the  drawings  made  for  the  original  records,  as  are  also  all 
the  other  illustrative  figures  which  are  shown  in  connection  with  the 
original  records.  In  computing  the  figures  denoting  efficiencies,  shown 
in  connection  with  the  illustrations  of  wheels  Nos.  3  and  6,  axle  friction 
was  called  0.15  x)ound  instead  of  the  0.3  pound  given  in  the  tables,  as 
explained  under  the  heading  ^'  Goirections  for  axle  friction." 

In  these  two  cases,  and  also  in  computing  the  efficiency  of  wheel  "No, 
2,  allowance  was  made  for  temperature  as  recorded  and  for  atmos- 
pheric density,  according  to  the  records  of  the  United  States  Signal 
Service  station  at  Chicago  for  2  p.  m.  on  the  days  of  experiments. 

The  efficiencies  shown  in  connection  with  all  the  other  illustrations 
of  wind  wheels  were  obtained  by  simply  multiplying  the  efficiency  for 
No.  2  by  the  ratios  of  products  given  in  the  various  tables  where  direct 
comparison  with  No.  2  is  shown. 

The  original  records  of  1883,  immediately  following,  end  on  page  72. 
The  comments  following  page  72,  including  the  tables  on  pages  74  and 
77,  have  recently  been  prepared. 

ANGLE   OF  WBATHEB. 

The  term  <' angle  of  weather,"  used  in  connection  with  the  following 
tables,  means  the  angle  made  by  the  face  of  the  sail  with  the  plane  of 
the  wheel. 

ABTIFIOIAL  WIND. 

In  conducting  these  experiments  with  windmills,  it  was  necessary 
that  results  to  be  compared  should  be  obtained  in  wind  of  uniform 
velocity.  We  therefore  made  use  of  artificial  wind,  obtained  by  carry- 
ing the  wind  wheels  in  a  circle  against  still  air  on  the  end  of  a  long 
sweep  suspended  beneath  the  roof  trusses  of  a  large  room  used  for 
setting  up  tanks.  The  sweep  was  made  to  revolve  horizontally  around 
its  vertical  axis  by  means  of  gearing,  pulleys,  and  belts  connected  with 
a  line  shaft  driven  by  an  80-hor8epower  Iteynolds-Oorliss  steam  engine, 
which  furnished  the  motive  power  for  the  works  of  the  United  States 
Wind  Engine  and  Pump  Company.  The  distance  from  axis  of  sweep 
to  center  of  wind  wheel  was  14  feet,  so  that  the  velocity  of  wind  against 
the  Mrind  wheel  in  miles  per  hour  would  be  indicated  very  closely  by 
the  number  of  revolutions  'per  minute  made  by  the  sweep.  To  attain 
absolute  accuracy  the  length  of  sweep  should  have  been  14.006  feet. 
Hence  it  was  only  necessary  to  note  the  number  of  turns  per  minute 
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made  by  the  sweep  in  order  to  know  the  velocity  of  wind  in  miles  per 
hoar  with  sufficient  accuracy. 

For  counting  the  number  of  turns  of  the  sweep  a  toothed  wheel,  con- 
taining 80  teeth,  was  used,  which  was  made  to  revolve  at  the  same  rate 
as  the  sweep.  Thus  the  fractions  of  a  turn  could  be  easily  determined 
to  within  0.0125,  and  we  made  a  practice  of  setting  down  the  fractional 
turns  to  within  0.00125,  thus  securing  relative  accuracy  in  determining 
the  velocity  of  the  wind  to  within  0.00125  of  a  mile  per  hour. 

The  face  of  the  wind  wheel  was  set  at  right  angles  to  the  direction  of 
the  wind.  The  frame  supporting  the  shafb  of  the  wind  wheel  was  sus- 
pended about  3  feet  below  the  sweep  by  four  iron  straps,  presenting 
their  thin  edges  to  the  wind,  so  that  the  action  of  the  wind  upon  the 
wheel  should  be  obstructed  as  little  as  possible  by  the  sweep  or  other- 
wise. The  motion  of  the  sweep  undoubtedly  carried  the  air  of  the  room 
with  it  to  some  extent,  but  not  so  as  to  produce  a  noticeable  current. 

DYNAMOMETBS. 

The  ordinary  Prony  friction  brake  was  used,  with  such  modifications 
and  additions  as  circumstances  demanded. 

The  brake  consisted  of  two  pine  blocks,  clamped  vertically  upon  a 
brass  cylinder  5^  inches  in  diameter,  attached  to  the  shaft  of  the  wind 
wheel.  But  instead  of  using  two  bolts,  with  thumb  nuts  for  adjusting 
the  brake,  one  bolt  was  used  as  a  hinge  beneath  the  cylinder,  and  the 
adjustment  was  made  by  means  of  a  cord  passing  across  from  one 
block  to  the  other  around  small  iron  sheaves,  which  turned  on  common 
wood  screws  fastened  into  the  tops  of  the  two  blocks,  so  that  the  pres- 
sure of  the  blocks  against  the  cylinder  corresponded  to  about  sixteen 
times  the  tension  of  the  cord. 

The  adjusting  cord  was  carried  back  from  the  brake  some  distance 
in  a  direction  parallel  to  the  axis  of  the  cylinder  to  a  sheave  fixed  to 
the  frame  supporting  the  shaft  of  the  wind  wheel.  From  that  x>oint 
the  cord  was  carried  by  means  of  sheaves,  levers,  etc.,  up  through  the 
hollow  shaft  supporting  the  sweep  and  finally  fastened  to  one  end  of  a 
lever.  The  other  end  of  the  lever  was  hinged  and  provided  with  a 
sliding  weight,  by  means  of  which  the  tension  of  the  cord  could  be 
adjusted  from  the  station  of  observation  while  the  sweep  was  in  motion. 
The  brake  ^as  provided  with  a  horizontal  graduated  arm  carrying  a 
weight,  which  could  be  moved  in  or  out  to  correspond  to  any  desired 
load.  Suitable  stops  were  provided,  allowing  a  limited  motion  of  the 
brake  and  graduated  arm,  which  could  be  couveniently  watched  from 
the  station  of  observation,  just  beyond  the  reach  of  the  sweep.  The 
brake  and  graduated  arm  were  balanced,  as  regards  the  action  both  of 
gravity  and  of  centrifugal  force,  before  applying  the  loads,  which  were 
balanced  by  the  friction  of  the  brake.  The  thrust  of  the  rear  end  of 
the  shaft  of  the  wind  wheel  was  sustained  by  a  steel  point. 
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METHOD  OF  EXPERIMENT. 

For  noting  the  number  of  turns  of  the  wind  wheel,  the  rear  end  of  the 
shaft  was  provided  with  a  worm,  with  which  a  toothed  wheel  could  be 
thrown  in  or  out  of  contact  at  the  pleasure  of  the  operator  from  the 
station  of  observation.  Each  turn  of  the  wind  wheel  would  cause  the 
toothed  wheel  to  make  0.0125  of  a  revolution,  as  there  were  80  teeth  in 
the  wheel,  and  the  fractional  turns  could  easily  be  estimated  to  within 
0.1  of  a  revolution  of  the  wind  wheel.  The  weight  on  the  graduated 
arm  was  always  expressed  in  pounds  and  decimal  parts  at  1  foot  from 
the  center  of  shaft  of  the  wind  wheel.  During  use  the  brake  was  freely 
lubricated  with  machine  oil. 

For  a  trial  load  the  weight  on  the  graduated  arm  was  set  at  some 
number,  say  1  pound.  Then  the  counter  which  was'  to  record  the  speed 
of  the  wind  wheel  was  set  at  0,  as  was  also  the  counter  which  was  to 
record  the  velocity  of  the  wind.  The  sweep  having  been  set  in  motion, 
the  speed  of  the  wind  wheel  was  checked  by  the  brake,  which  was 
adjusted  from  the  station  of  the  observer  by  regulating  the  tension  of 
the  a4justing  cord  until  the  weight  on  the  graduated  arm  was  just 
lifted  by  the  friction,  and  no  more.  As  soon  as  the  friction  and  weight 
were  well  balanced  the  counters  which  were  to  record  the  speed  of  the 
wheel  and  velocity  of  wind  were  thrown  in  by  a  single  movement  of  a 
lever,  and  at  the  expiration  of  one  minute  they  were  both  instantane- 
ously thrown  out.  Then  the  sweep  was  stopped  at  the  station  of  obser- 
vation, the  number  of  revolutions  of  the  wind  wheel  recorded,  and  also 
the  velocity  of  the  wind. 

To  the  load  applied  was  added  the  friction  of  the  journals,  also 
expressed  in  pounds  at  1  foot  from  the  center  of  the  shaft.  This  sum 
made  the  total  load,  which  was  multiplied  by  the  number  of  turns  of 
the  wind  wheel. 

Then  a  second  product  was  obtained  in  precisely  the  same  manner 
with  a  greater  load  applied;  and  if  greater  than  the  first,  a  still  greater 
load  was  applied  and  the  corresponding  product  obtained.  A  succes- 
sion of  products  were  thus  obtained  corresponding  to  a  succession  of 
loads  gradually  increased  until  the  products  began  to  decrease  on 
account  of  the  diminishing  speed  of  the  wheel.  The  great^t  product 
corresponded  to  the  best  load  for  the  wheel,  and  the  actual  work  per- 
formed by  the  wheel  in  each  case  could  be  obtained  by  multiplying  the 
product  by  6.2832  feet,  equal  to  the  circumference  of  the  circle  whose 
radius  is  1  foot.  In  obtaining  these  products  measurements  were  taken 
several  times  for  each  load  and  the  total  load  was  multiplied  by  the 
avers)  ge  turns  of  the  wheel  per  minute.  The  average  wind  was  also  taken 
for  record.  The  velocity  of  wind  was  supposed  to  be  nearly  uniform,  but 
varied  slightly  with  the  speed  of  the  engine,  and  the  variation  was  suf- 
ficient to  afiect  results  considenibly  in  some  cases;  hence  the  ne<tes8ity 
of  recording  the  velocity  of  the  wind  in  each  case.    In  comparing 
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results  some  allowance  also  had  to  be  made  for  differences  in  velocities 
of  wind. 

In  testing  the  speed  of  the  wheel  unloaded  the  brake  was  removed, 
making  the  load  nothing  but  the  journal  friction. 

STARTING   FORGES. 

The  determination  of  starting  forces  was  attended  with  some  diffi- 
culty. In  the  first  place,  it  became  necessary  to  define  what  should 
be  considered  the  starting  force  of  a  wind  wheel — whether  it  should  be 
considered  the  greatest  load  under  which  the  wheel  would  turn,  or  the 
greatest  load  which  the  wheel  would  balance  without  turning.  It  was 
also  necessary  to  decide  what  motion  of  the  wheel  should  be  defined 
as  turning.  The  wheel  with  a  certain  load  would  sometimes  perform 
one  revolution  in  ten  or  twenty  minutes,  if  that  could  be  called  turn- 
ing; between  that  and  prox)er  continuous  turning  there  were  many 
gradations.  It  was  impracticable  to  decide  when  the  wheel  reached 
the  lowest  limit  of  speed  which  could  properly  be  called  turning. 
Therefore  we  have  considered  the  starting  force  as  the  greatest  load 
the  wheel  would  balance  without  turning.  Our  method  of  determining 
starting  forces  was  to  clamp  the  brake  so  tightly  on  the  cylinder  that 
the  wheel  could  not  turn,  but  could  lift  the  load  applied  such  small 
distance  as  was  allowed  by  the  stops  which  limited  the  motion  of  the 
brake.  The  sweep  was  then  set  in  motion  and  timed  for  one  minute, 
during  which  time  the  load  on  the  graduated  arm  was  watched,  its 
alternating  upward  and  downward  movements  were  noted,  and  judg- 
ment was  exercised  as  to  the  balance  between  the  load  applied  and  the 
starting  force  of  the  wind  wheel.  The  average  velocity  of  wind  during 
these  tests  was  always  recorded  after  March  13, 1883,  but  not  always 
before  that  date. 

In  lifting  the  load  the  starting  friction  of  the  journals  was  also 
overcome  by  the  wind  wheel,  but  when  the  weight  descended  the  load 
overcame  the  starting  friction  of  journals  in  addition  to  the  starting 
force  of  wind,  and  as  the  load  almost  constantly  moved  up  and  down 
when  well  balanced,  nothing  should  be  added  to  loads  applied  for 
friction  in  case  of  starting  forces.  Yet  the  friction  has  been  added  in 
the  tables,  the  same  as  to  other  loads  applied,  in  order  to  accommodate 
the  statements  at  the  head  of  columns  for  loads.  On  account  of  the 
starting  friction  being  great  and  uncertain,  and  for  other  reasons,  the 
starting  forces  recorded  prior  to  March  13, 1883,  are  not  so  much  to  be 
relied  upon  as  those  recorded  after  that  date;  nor  were  the  later  tests 
for  starting  forces  nearly  so  accurate  as  those  for  products. 

JOURNAL  FRICTION. 

For  journal  friction  previous  to  March  13,  1883,  see  description  In 
connection  with  wind  wheel  No.  11,  page  38.  After  the  date  above 
given  the  journal  friction  was  greatly  reduced  by  the  use  of  large  anti- 
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friction  wheels  in  place  of  the  front  box,  just  behind  the  wind  wheel 
and  in  front  of  cylinder,  where  the  weight  of  the  wind  wheel  and  cyl- 
inder was  mostly  supported.  In  place  of  the  rear  box  a  small  steel  pin 
was  inserted  in  the  end  of  the  shaft  and  turned  in  a  brass  box.  The 
end  thrust  of  the  shaft,  due  to  wind  pressure  and  tension  of  the  adjust- 
ing cord,  was  sustained  by  a  steel  point,  as  before. 

As  thus  improved,  one-half  an  ounce  hung  to  a  thread  wound  around 
the  outside  of  wheel  No.  37  overcame  friction  at  very  slow  motion,  and 
was  almost  if  not  quite  equal  to  starting  friction.  The  brake  was 
removed  during  this  test* 

Let  X  =  weight  12  inches  from  axis  required  to  overcome  friction. 
30  inches  =  distance  from  axis  to  thread. 

^  ounce  =  ^  pound. 

12a?  =  M 

X  =  0.0785  =  friction  at  very  slow  motion  or  at  starting. 

With  brake  and  wind  wheel  removed  26.50  ounces  hung  by  a  thread 
wound  around  the  forward  eud  of  shaft  0.7969  inch  in  diameter  over- 
came friction  at  very  slow  motion  and  was  almost  equal  to  starting 
friction,  and  24.25  ounces  hung  in  the  same  way  overcame  friction  at  50 
turns  per  minute,  and  would  not  overcome  friction  when  speed  was  much 
less.  0.8125  inch  =  diameter  outside  of  thread,  0.4024  inch  =  radius 
to  center  of  thread. 

Friction  at  50  turns  per  minute  is  to  starting  friction  as  24.25  is  to 

26.50.    Hence,  0.0785  x  ^'l^  =  0.0714  pound  =  journal  friction  at  50 

turns  per  minute,  with  wind  wheel  on  and  brake  removed.  The  weight 
of  the  brake  would,  of  course,  add  a  little  to  the  faction,  which  we  have 
uniformly  called  0.1  in  the  tables,  as  explained  on  page  28,  under  the 
table. 

The  0.3pound  friction  added  to  loads  applied  prior  to  March  13, 1883, 
was  friction  at  very  slow  motion  and  was  undoubtedly  much  m  excess 
of  friction  at  speed  of  wheels  corresponding  to  maximum  products,  as 
is  evinced  by  the  fact  that  notwithstanding  the  great  reduction  of 
starting  fHction  the  tables  do  not  show  for  the  same  applied  loads,  or 
even  unloaded,  very  much  increase  of  speed  of  wheels  after  March  13, 
1883,  over  speeds  indicated  previous  to  that  date.  If  0.1  pound  had 
been  added  to  applied  loads  previous  to  March  13, 1883,  the  products 
at  maximum  and  for  higher  speeds  of  wheels  would  probably  have  been 
more  nearly  correct.  It  was  this  uncertainty  and  ignorance  regarding 
friction  at  different  speeds  that  led  us  to  reduce  as  much  as  possible 
this  source  of  error.  However,  the  error  thus  arising  does  not  greatly 
affect  comparative  values  of  products  recorded  prior  to  March  13, 1883, 
although  products  affected  by  allowance  of  0.3  pound  for  friction  should 
not,  unless  corrected,  be  compared  with  products  recorded  after  above 
date. 
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COMPARATIVE  STANDARD  WHBEL. 

In  the  earlier  stages  of  these  experiments  we  acted  on  the  supposi- 
tion that  only  such  variations  in  the  state  of  the  atmosphere  as  were 
indicated  by  the  barometer  and  thermometer  should  affect  the  work 
performed  by  a  wheel  tested  at  different  times  in  wind  of  the  same 
velocity.  But  later  we  were  convinced  that  the  readings  of  the  barom- 
eter and  thermometer  would  not  always  account  for  variations  in 
products  given  by  the  same  wheel  on  different  days.  We  were  also 
convinced  of  the  uselessness  of  speculating  as  to,  or  trying  to  under- 
stand and  forestall,  all  the  causes  that  might  combine  to  affect  results. 
Therefore  we  adopted  the  practice  of  comparing  the  maximum  product 
of  each  wheel  tested  with  the  maximum  product  of  wheel  Ko.  2,  obtained 
in  clo^  proximity  as  to  time  and  under  similar  conditions  in  all  respects. 
This  could  be  done  with  a  good  deal  of  certainty,  and  no  further  trouble 
was  experienced  on  account  of  contradictory  results.  After  the  best 
loads  had  been  ascertained  by  trial,  comparative  tests  were  made  by 
trying  first  one  wheel  and  then  the  other  in  succession  until  a  consid- 
erable number  of  measurements  had  been  taken.  Then  as  many  meas- 
urements as  possible,  giving  the  same  average  velocity  of  wind  for  both 
wheels,  were  selected  from  each  set  of  experiments. 

In  this  way  the  product  obtained  was  usually  the  average  of  8  to  10 
measurements  of  each  wheel  made  under  the  same  conditions  of  time, 
wind,  weather,  and  whatever  else  might  affect  the  results.  The  prod- 
uct of  No.  2  was  thus  used  as  a  standard  of  measure,  and  the  ratio  of 
products  indicated  the  relative  value  of  the  wheel  compared. 

For  further  particulars  consult  tables  of  experiments  of  later  date 
than  March  13,  1883. 


Results  of  experxjnents  performed  in  March  and  May,  188S,  toiih  wheel  No,  t. 


Velocity  of 

wind  per 

hoar. 

Load  ap> 
plied +0.1 
for  friction. 

Tama  of 

wheel  per 

minnte. 

Prodaot  at 
mazimam. 

Thermom- 
eter. 

Date. 

Miles. 

6.437 

6.371 

6.381 

8.417 

8.403 

8.405 

10.898 

11.041 

10.976 

Pounds. 
0.1 
1.1 
2.4 

.1 
1.9 
4.2 

.1 
3.3 
6.9 

43.78 
23.90 

0 
59.05 
32. 875 

0 
77.85 
41.06 

0 

OF. 
62 
54 
62 
53 
50 
53 
46 
60 
46 

1888. 

May  14 
May  14 
May  14 
Mar.  14 
Mur.U 
Mar.  14 
May  21 
May  17 
May  21 

26.290 

62.463 

.    135.498 

Previous  to  making  the  above  experiments,  March  13, 1883,  the  dyna- 
mometer  was  improved  by  the  addition  of  an  automatic  brake  adjuster 
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and  antifriction  wheels,  which  reduced  starting  friction  from  aboat  0.3 
to  about  0.08  pound,  and  made  journal  friction  at  50  turns  per  minute 
about  0.071  pound.  In  the  table  friction  was  called  0.1  i)ound  for  con- 
venience, as  the  absolute  friction  in  each  case  could  not  easily  be  ob- 
tained, and  the  error  does  not  materially  affect  comparative  results. 
(See  pages  25  and  26  for  <'  Journal  friction.'*) 

Average  products  of  wheel  No.  2,  which  was  used  as  a  standard  for 
comparison,  were  obtained  by  selecting  from  numerous  tests  several 
numbers — generally  8  to  10 — which  corresponded  to  wind  of  the  same 
average  velocity  as  wind  for  wheels  compared  in  each  case;  the  differ- 
ence of  averages  in  no  case  exceeded  0.001  mile  per  hour  in  the  table  on 
page  47. 

Measurements  for  maximum  products  of  two  wheels  compared  were 
always  taken  as  fiar  as  possible  under  the  same  conditions  of  wind,  tem- 
perature, barometer,  weather,  time,  etc. 

RESULTS  OP  ORIGINAL  TESTS. 


TABLES  AND  DESCRIPTIONS  OP  WIND  WHEELS. 
Wheel  No.  1. — Be^ulU  of  experiments. 


Velocity  of 

wind  per 

hoar. 

Load  ap- 
pUeA  +0.8 
for  friction. 

Turns  of 

wheel  per 

minute. 

Product. 

Milet. 

Poundi. 

8.427 

0.3 

59.08 

17.724 

8.431 

1,2 

42.60 

51.120 

8.385 

1.4 

39.90 

55.860 

8.412 

1.6 

35.69 

57.104 

8.452 

L8 

31.69 

57.042   ' 

8.432 

2.0 

28.02 

56.040 

2.85 

0 

0 

Experiments  made  June  1  and  2,  1882. 

Load  expressed  in  pounds  applied  1  foot  from  center  of  wheel. 

Circumference  of  circle  whose  radius  is  1  foot,  6.2832  feet. 

Work  per  minute  at  the  maximum,  57.104  X  6.283  =  358.784  foot-pounds 

Diameter  of  wheel,  5  feet. 

Number  of  slats  or  sails,  30. 

Length  of  slats,  18  inches. 

Width  of  slat  at  outer  end,  3.56  inches. 

Width  of  slat  at  inner  end,  1.344  inches. 

Total  area  of  slats  or  sails,  9.19  square  feet. 

Angle  of  weather,  35  degrees. 

Portion  of  available  annular  space  filled  by  sails,  0.5. 

The  spaces  between  are  equal  to  the  spaces  occupied  by  the  slats.  This  wheel  is 
the  same  as  No.  2  with  one-half  the  slats  omitted. 

Slats,  plain  surfaces,  made  of  white  pine  three- sixteenths  of  an  inch  thick,  with 
' ^ward  edges  trimmed  to  an  edge. 
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Whbel  No.  2. — Re9ult8  of  experiments. 


Velocity  of 

wind  per 

hour. 

Loadftp- 

plied+0.3 

for  Mction. 

Tama  of 

wheel  per 

minute. 

Product. 

Thermom- 
eter. 

Date. 

Miles, 

Pounds. 

ojp. 

* 

1882. 

8.411  . 
8.381 
8.451 
8.435 

0.3 
0.9 
1.06 
1.3 

57.95 
49.00 
47.00 
43.08 

17.385 
44.100 
49.350 
56.004 

69 

77 

Jane    7 

8.445 

1.5 

40.80 

61.200 

73 

June    7 

8.412 

1.7 

37.30 

63.410 

70 

Jnne     7 

8.460 
8.436 

1.8 
1.9 

35.85 
34.89 

64.530 
66.291 

78 
72 

1 

1 

Jnne    8 

8.429 
8.443 

2.0 
2.1 

33.43 
31.83 

66.860 
65.793 

78 
69 

Jane    8 

8.421 

2.3 

27.60 

63.480 

73 

Jane    8 

8.446 

2.5 

24.48 

61.200 

75 

June    8 

8.416 

2.7 

21.70 

58.590 

76 

June    8 

8.398 
8.338 

2.9 
8.1 
3.81 

20.00 
15.80 
0 

58.000 

48.980 

0 

June    9 

Total  area  of  slat  sails  18.380  square  feet. 

Angle  of  weather,  85  degrees. 

The  same  as  No.  1,  with  doable  the  number  of  slats — ^that  is,  the  projections  of  the 
slats  upon  the  plane  of  the  wheel  equaled  the  entire  available  annular  area.  An 
area  as  shown  in  fig.  8  at  each  of  the  six  arms  constituted  the  space  not  available. 
Slats  held  in  place  by  12  straight  notched  pieces  extending  from  arm  to  arm  the 
same  as  in  No.  1. 
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if  vh«l  No.  S.    (Sail  anA,  )8.SM  tqaan  tl^et,  efflclencr.  0.154.) 
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Fio.  8. — Ontline  of  area  not  available. 


Wheel  No.  3. — Results  of  experiments. 


Velocity  of 

wind  -per 

hour. 

Loads  ap- 

pUed+0.3 

for  friction. 

Turns  of 

wheel  per 

minute. 

Product. 

Thermom- 
eter. 

Date. 

1 

Milet. 

P&undM. 

OF. 

1882. 

8.476 

0.3 

90.48 

27.144 

68 

Jane  22 

8.435 

.95 

69.40 

65.930 

68 

Jane  22 

8.441 

1.05 

64.90 

68.145 

68 

June  21 

8.428 

1.1 

62.15 

68.365 

88 

June  22 

8.447 

1.2 

59.65 

71.580 

69 

Jane  19 

8.436 

1.3 

55.36 

71.968 

83 

June  22 

8.402 

1.4 

5L10 

71.540 

69 

Jane  21 

8.423 

1.5 

47.48 

7L220 

74 

f  June  19 
I  Jane  22 

8.441 

1.7 

41.00 

69.700 

71 

June  22 

8.404 

L9 

32.00 

60.800 

71 

June  22 

2.4 

0 

0 

June  22 

EXPERIMENTS   WITH   WINDMILLS. 


— EUvailon  and  iHtion  of  wb«el  Mi 


r, «.!«.) 


Diameter  of  wheel,  5  feet. 

Number  of  B&ila,  12. 

Sails  of  lineal  dimeoBioUB  u  shown  in  tigs.  10  Mtd  11,  mode  of  wliite-pine  boards 
three- sixteenths  of  on  inch  thick  and  fastened  liy  hinges  near  each  end  to  13  pine 
bands  bent  to  arcs  of  circle  and  secured  to  the  6  arma. 

Total  sail  aarface,  13.59  square  feet. 

Sails  concave  toward  the  wind. 
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Fio.  10.— Dimensions  of 
sails  of  wheel  No.  3. 
18  inches  is  the  ex- 
treme lenirth  of  sail. 


^ 


^S^kT'A 


FiQ.  11 — Angles  of  weather  of  sails  of 
wheel  No.  8.  J.,  Angle  of  weather  at 
inner  ends  of  sailn;  £,  Angle  of 
weather  at  oater  ends  of  sails. 


Whbkl  No.  4. — ResulXi  of  experiments. 


Velocity  of 

wind  per 

hour. 

Load  ap- 
plied+0.3 
lorfdction. 

Tarns  of 

wheel  per 

minntie. 

Product. 

Thermom* 
eter. 

0ate. 

MUtM. 

Pounda. 

Of, 

1882. 

8.354 

0.3 

89.43 

26.829 

76 

Jnne  29 

8.372 

0.9 

74.54 

67.086 

76 

Jnne  29 

8.375 

1.1 

70.03 

77.033 

76 

June  29 

8.324 

1.3 

62.75 

81. 575 

68 

Jnne  29 

8.461 

1.5 

60.72 

91.080 

73 

June  28 

8.467 

1.7 

55.93 

95.081 

73 

Jnne  28 

8.465 

1.9 

48.75 

92.625 

73 

June  28 

8. 360 

2.1 

42.78 

89.838 

68 

Jnne  29 

8.386 

2.3 

38.50 

88.550 

68 

June  29 

8.369 

2.5 

29.13 

72.825 

68 

Jnne  29 

3.3 

0 

0 

Jnne  29 

Wheel  the  same  as  No.  3,  except  that  the  inclination  of  the  sails  was  changed,  mak- 
ing the  angle  of  weather  20  degrees  at  outer  ends  of  sails  and  30  degrees  at  inner  ends 
of  sails. 

IBB  20 3 
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Wheel  No.  5. — Besults  of  ea^ierinimta,  (a) 


Velocity  of 

wind  per 

hoar. 

Loads  ap- 
plied +0.3 
ror  Motion. 

MUtM. 

Pounds. 

8.444 

0.3 

8.499 

0.9 

8.479 

1.1 

8.493 

1.3 

8.419 

1.5 

8.422 

1.7 

8.468 

1.9 

8.465 

2.1 

8.456 

2.3 

8.414 

2.5 

8.424 

2.7 

^.440 

2.9 

3.7 

8.491 

1.9 

Tarns  of 

wheel  per 

minate. 

Prodact. 

Thormom- 
eter. 

Date. 

OF. 

1882. 

86.78 

26.034 

74 

July   12 

73.56 

66.204 

74 

July   12 

68.72 

75.592 

74 

July    12 

64.18 

88.434 

71 

July     5 

57.98 

86.970 

71 

July     5 

53.86 

9L562 

71 

July     5 

50.83 

96.577 

71 

July     5 

46.10 

1 

96.810 

74 

July     5 

41.60 

95.680 

74 

July     5 

33.86 

84.650 

63 

July     6 

27. 70 

74.790 

63 

July   12 

19.62 

56.898 

63 

July   12 

0 

0 

July     5 

51.88 

98.572 

71 

i 

a  See  wheel  No.  44,  p.  57. 

Wheel  the  same  as  No.  3,  except  that  the  iuclination  of  the  sails  was  changed, 
making  the  angle  of  weather  22.5  degrees  at  outer  ends  of  sails  and  32.5  degraes 
at  inner  ends  of  sails. 


Wheel  No.  S,—Re8ulU  of  experimenU. 


Velocity  of 

wind  per 

hoar. 

Load  ap- 
plied+0.8 
for  friction. 

Tarns  of 
wheel  per 
minate. 

Prodact. 

Thermom- 
eter. 

Bate. 

JTOm. 

Pounds. 

OF. 

18S2. 

8.373 

0.3 

69.03 

20.709 

32 

Deo.     9 

8.355 

1.5 

47.80 

70.960 

34 

Deo.     9 

8.348 

1.7 

44.00 

74.800 

34 

Dec,     9 

8.405 

1.8 

42.10 

75.780 

35 

Deo.     9 

'      8. 317 

1.9 

38.28 

72.732 

35 

Dec.     9 

a  8. 368 

1.3 

50.83 

66.079 

38 

Dec.     9 

3.4 

0 

0 

33 

Dec.     8 

a  When  reversed,  so  as  to  present  its  back  side  to  the  wind. 
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Flo.  lJ_El«TatiDn  and  aBVOam  of  wheel  No.  «.    (SUI 


Diametor  of  wheel,  5  feet. 
Amu  and  bands  the  aame  u  in  wheel  No.  3. 

Nnmber  of  sails,  24.   Bails  of  lineal  dimensione  as  iti  Hg.  13 ;  made  of  white-pin 
boarda  three-aixteentba  of  an  inch  thick,  and  hinged  to  the  bands  aa  in  No.  3. 
Sails  plain,  with  forward  edges  trimmed  to  an  edge. 
Total  Hail  sorfaoe,  10.688  Hqnare  feet. 
Angle  of  weather,  30  degrees. 
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Fig.  13.— Dimensions  of 
sails  of  wheel  No.  6. 


Wheel  No.  7. — EeeulU  of  experiments. 


Velocity  of 

wind  per 

hoar. 

Loads  ap- 
nlied+0.3 
for  friction. 

Poundt. 

Toms  of 

wheel  per 

minute. 

Product. 

Thermom- 
eter. 

Data. 

MiUi. 

OF. 

1882. 

8.361 

0.3 

73.60 

22.060 

42 

Dec.    12 

8.380 

1.3 

52.50 

68.250 

39 

Deo.    12 

8.416 

1.5 

47.40 

71.100 

40 

Dec.    11 

8.359 

1.7 

40.74 

69.258 

40 

Dec.    12 

2.8 

0 

0 

42 

Deo.    12 

1 

Wheel  the  same  as  No.  6.  except  that  the  inclination  of  the  sailB  was  changed, 
making  the  angle  of  weather  25  degrees. 
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Wheel  No.  8. — Eesulta  of  txperimentB, 


Velocity  of 

wind  i>er 

honr. 

Loads  ap- 
plied+0.3 
for  fliction. 

Turnaof 

-wheel  per 

minute. 

Product. 

Thermom- 
eter. 

MUet. 

Poundi. 

OF. 

8.333 
8.344 

0.3 
1.3 

62.67 
46.83 

18.801 
60.879 

48 

8.403 

1.5 

44.23 

66.345 

48 

8.375 

1.7 

40.23 

68.391 

39 

8.366 

1.9 

36.84 

69.996 

41 

8.368 

2.1 

32.80 

68.880 

47 

8.354 

2.8 

27.70 

63.710 

47 

3.55 

0 

0 

Experiments  made  December  13,  1882. 

Wheel  the  same  as  No  6,  except  that  the  inclination  of  the  sails  was  changed, 
making  the  angle  of  weather  35  degrees. 


Wheel  No.  9 — Be^ulis  of  experiments. 


Velocity  of 

wind  per 

hour. 

Loads  ap- 
plied +  0.3 
for  friction. 

Turns  of 

wheel  per 

minute. 

Product. 

Thermom- 
eter. 

MOm. 

Pounda. 

°F.         ' 

8.374 

0.3 

66.40 

19.920 

43 

8.361 

1.3 

49.73 

64.649 

38 

8.375 

1.5 

47.15 

70. 725 

39 

8.350 

L7 

42.30 

71. 910 

40 

8.364 

1.9 

38.20 

72.580 

40 

8.344 

2.1 

34.58 

72. 618 

42 

8.323 

2.3 

30.70 

70. 610 

42 

3.4 

0 

0 

Experiments  made  December  14, 1882. 

Wheel  the  same  as  No.  6,  except  that  the  inclination  of  tho  sails  was  changed, 
making  the  angle  of  weather  32.5  degrees. 
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Whbbl 

No.  10,— BesulU  of  experiments. 

Velocity  of 

wind  per 

hour. 

Loeda  ap- 
plied +  0.8 
for  McUon. 

Tame  of 

wheel  per 

minate. 

Product. 

Thermom- 
eter. 

Date. 

MiUs. 

Poundt. 

op. 

1882. 

8.347 

0.3 

72.23 

21.690 

34 

Dec.    15 

8.336 

1.1 

54.77 

60.247 

45 

Dec.    14 

8.329 

1.3 

63.30 

69.290 

45 

Dec.    14 

8.345 

1.5 

48.70 

73.050 

33 

Deo.    15 

8.358 
8.338 
8.351 

1.7 

1.9 

2.1 

3.26 

43.78 
39.33 
35.06 
0 

74. 426 

74.727 

73.626 

0 

34 
35 
39 

Wheel  the  same  m  No.  6,  except  that  the  inclination  of  the  sailB  waa  changed, 
uiaking  the  angle  of  weather  27.5  degrees. 


Whbbl  No.  11,— ReeuXta 

of  experiments. 

Velocity  of 

wind  per 

hour. 

Loads  ap- 
nlled  -f  0.3 
for  IHotion. 

Turns  of 

wheel  per 

minute. 

Product. 

Thermom- 
eter. 

MOei. 

Poundt. 

op. 

8.415 

0.3 

77.60 

23.280 

41 

8.353 

1.3 

51.64 

67.132 

39 

8.391 

1.5 

45.46 

68.190 

40 

8.401 

1.7 

39.52 

67.184 

40 

8.410 

1.9 
2.1 

a33.14 
0 

62. 966 

41 

2.3 

0 

a  Started  slowly  and  with  diflBculty,  though  well  balanced.    Once  needed  help  to  start. 
b  Ran  slowly  two  or  three  minutes  and  stopped. 

EzperimentB  made  Decemher  18, 1882. 

Wheel  the  same  as  No.  6,  except  tbat  the  inclination  of  the  sails  was  changed, 
making  the  angle  of  weather  20  degrees. 

A  Journal  friction  test  made  with  wheel  No.  11  by  hangiug  a  l}-onnoe  weight  by 
a  thread  wound  around  the  outside  of  the  wheel  showed  that  this  weight  did  not 
oyercome  starting  Motion,  but  was  sufiScient  to  accelerate  motion  after  the  wheel 
was  started  at  moderate  speed. 

Let  X  =  Journal  friction,  at  1  foot  (12  inches)  from  axis. 
30  inches  =  distance  of  If-ounce  weight  from  axis. 

1.75x30  =  12  X. 

X  =  4.875  ounces  =  0.2734  pound  =  friction  of  Journals  at  moderate  speed. 

The  Journal  friction  diminishes  somewhat  with  the  increase  of  speed,  although 
authorities  give  the  same  coefficient  of  friction  at  all  speeds.  Some  variation  in 
journal  friction  is  also  due  to  difference  in  weights  of  wheels  and  in  lubiioation; 
and  as  the  above  test  was  made  with  the  brake  removed,  we  have  considered  it 
approximately  correct  to  call  journal  friction  =  0.3  pound  in  all  cases.  See,  how- 
ever, later  conclusions. 
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Velooityof 

wind  per 

hour. 

Load  ap- 
plied +  0.3 
for  Motion. 

Trnnaof 

wheel  per 

minuM. 

Prodact. 

Thermom- 
eter. 

MiUs. 

8.405 

8.385 

8.376 

8.341 

8.376 

Po%md». 
0.3 
.95 
1.1 
1.3 
1.5 
1.6 
1.7 

75.60 

56.18 

50.78 

a43.88 

&35.42 

•    (0) 

0 

22.680 
53.371 
55.858 
57.044 
53.130 

44 
40 
40 
41 
42 

0 

a  Started  slowly. 

b  Needed  aeeietanoe  to  atart  in  every  tnatanoe,  though  without  aaaistaoce  it  wonld  barely  move,  at 
the  rate,  perhape,  of  one  torn  in  ten  ndnntee. 
«  Ban  three  minates  and  stopped,  after  having  been  started  at  moderate  speed. 

Experiments  made  December  19, 1882. 

Wheel  the  same  ae  No.  6,  except  that  the  inclination  of  the  sails  was  changed, 
making  the  angle  of  weather  15  degrees. 

Whbkl  No.  13. — Results  of  experiments.  « 


Velocity  of 

wind  per 

hoar. 

Loadap- 
pUed  +  0.3 
for  Motion. 

Turns  of 

wheel  per 

minute. 

Product. 

Thermome- 
ter. 

Date. 

MiUt. 

8.369 

8.377 

8.353 

8.352 

8.407 

8.875 

8.328 

8.351 

Pounds. 
0.3 
1.7 
1.9 
2.1 
2.3 
2.5 
2.7 
2.9 
3.1 
3.2 

56.33 
37.13 
34.10 
31.30 
28.70 
25.38 
20.63 
17.25 

(«) 

m 

0 

16.899 
63.121 
64.790 
65.730 
66.010 
^.450 
55.701 
50.025 

OF. 
45 
45 
43 
41 
42 
42 
44 
46 

1882. 
Dec.    20 
Deo.    19 
Dec.    20 
Dec.    20 
Dec.    20 
Dec.    20 
Deo.    20 
Deo.    20 
Deo.    20 
Dec.    20 

1 

Dec.    20 

■ 

3.7 

0 

^ 

a  Ban  very  slowly  after  starting,  and  stopped  several  times. 
b  Stopped  and  started  occasionally. 

Wheel  the  same  as  No.  6,  except  that  the  inclination  of  the  sails  was  changed, 
making  the  angle  of  weather  40  degrees. 
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EXPERIMENTS   WITH    WINDMILLS. 


[■a  20. 


WuBBL  No.  li.-^Besults  of  experimenU, 


Velocity  of 

wind  per 

hour. 

Load  ap- 
plied +  0.8 
for  ArlctioD. 

Turns  of 

wheel  per 

minute. 

Product. 

Thermome- 
ter. 

Miles. 

Pounds. 

OF. 

8.327 

0.3 

48.60 

14.580 

47 

8.335 

L5 

33.60 

50.400 

46 

8.375 

1.7 

33.68 

55.556 

46 

8.393 

1.9 

29.88 

56.772 

47 

8.336 

2.1 

26.95 

56.595 

46 

8.364 

2.3 

24.72 

56.856 

46 

8.427 

2.5 

21.82 

54.550 

46 

8.381 

2.7 

17.98 

48.546 

46 

8.409 

2.9 

15.10 

43.790 

46 

8.349 

3.1 
3.3 

12.47 

(a) 
0 

38.657 

•  .  •  • 

46 

3.8 

0 

a  Ran  a  minute  or  two,  slopped,  and  afterwards  started  slightly. 

Experiments  made  December  21, 1882. 

Wheel  the  same  as  No.  6,  except  that  the  iuclination  of  the  sails  was  changed, 
making  the  angle  of  weather  45  degrees. 


Whsri.  No.  15. — Results  of  experments. 


Velocity  of     Load  ap- 
wind  per   !  plied  +0.3 
hour.       ,  for  lYIction. 


MiUa, 

8.444 

8.402 

8.429 

8.479 

8. 457 

8.443 

8.440 

8.438 


8.406 


Pounds. 
0.3 
L7 
1.9 
2.1 
2.3 
2.5 
2.7 
3.1 
3.3 
3.5 
3.95 


Turns  of 
wheel  per  ' 
minute.     ' 


46.84 
29.36 
27.40 
25.30 
22.92 
20.17 
17.71 
10.20 

(«) 

(h) 

0 


a  Turned  very  slowly  and  irre^larly. 


Product. 


14.052 
49. 912 
52.600 
53.130 
52. 716 
50.425 
47. 817 
31.620 


0 


Thermom- 
eter. 


oJ5» 


30 
28 
30 
31 
33 
32 
33 
35 
30 
30 

35  , 

I 


b  Barely  moved. 


Experiments  made  Jannar>'  5  and  6,  1883. 

Wheel  the  same  as  No.  6,  except  that  the  inclination  of  the  sails  was  changed, 
making  the  angle  of  weather  47.5  degrees. 
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Wheel  No.  16. — Results  of  experimenU. 


Velocity  of 

wind  per 

hour. 

Loadap- 
nlied  +0.3 
for  friction. 

Tama  of 

wheel  per 

minate. 

Product. 

Thermom- 
eter. 

MiUs. 

8.443 

8.444 

8.440 

8.385 

8.447 

8.419 

8.505 

8.426 

8.484 

Poundt. 
0.3 
1.7 
1.9 
2.1 
2.3 
2.5 
2.7 
2.9 
3.1 
3.3 

42.40 
27.75 
24.92 
23.27 
20.67 
18.45 
16.23 
a  12. 33 

w 

(c) 
0 

0 

12. 720 
47. 175 
47.348 
48.867 
47. 514 
46.125 
43. 821 
35.757 

32 

32 

30 

30.5 

38 

37 

87 

37 

36 

36 

36 

36 

8.257 
8.426 

3.55 
3.9 

0 
0 

a  Almost  needed  help  to  start,  and  once  stopped  within  one  minute. 

b  Stopped  after  running  one  minute. 

e  Stopped  after  running  very  slowly  a  short  time. 

Experiments  made  Janaary  6  and  8,  1883. 

Wheel  the  same  as  No.  6,  except  that  the  inclination  of  the  sails  was  changed, 
making  the  angle  of  weather  50  degrees. 


Comparative  results  with  plain  sails. 


A 

No. 
of  wheel. 

B 

C 

D 

Greatest 
load. 

E 

F 

O 

Turns  of 
wheel  per 

minute 
unloaded. 

H 

Products 
at  maxi- 
mum 
work, 

ExF. 

1 
I 

Angle  of 
weather. 

Velocity 
of  wiua 
per  hour 
at  maxi- 
mum. 

MUes. 

Load 
at  maxi- 
mum. 

Turns  of 
wheel  per 
minute 
at  maxi- 
mum. 

Total  sail 
surface. 

o 

Pounda. 

Pounda. 

- 

Sq.ft. 

1 

35 

8.412 

2.85 

1.6 

.  85.69 

59.08 

57.104 

9.190 

2 

35 

8.429 

3.81 

2.0 

33. 43 

57.95 

66.860 

18.380 

12 

15 

8.341 

1.7 

1.3 

43.88 

75.60 

57.044 

10.688 

11 

20 

8.391 

2.3 

1.5 

45. 46 

77.60 

68.190 

10.688 

7 

25 

8.416 

2.8 

1.5 

47.40 

73.60 

71. 100 

10.688 

10 

27.5 

8.358 

3.25 

1.7 

43.78 

72.23 

74.426 

10.688 

6 

30 

8.348 

3.4 

1.7 

44.00 

69.03 

74.800 

10.688 

9 

32.5 

8.364 

3.4 

• 

1.9 

38.20 

66.40 

72.580 

10.688 

8 

a5 

8.366 

3.55 

L9 

36.84 

62.67 

69.996 

10.688 

13 

40 

8.352 

3.7 

2.1 

31.30 

56. 33 

65.730 

10.688 

14 

45 

8.336 

3.8 

2.1 

26.95 

48.60 

56.595 

10.688 

15 

47.5 

8.479 

3.95 

2.1 

25.30 

46.84 

53.130 

10. 688 

16 

50 

S.385 

3.9 

2.1 

23.27 

42. 40     48. 867 

10.688 

44 


EXPERIMENTS   WITH   WINDMILLS. 


(No.  SO. 


2«^ 
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i 


Fio.  U.—Dimensiona  of 
of  wheel  No.  18. 


Whskl  No.  19.— i^MuZto  of  experiments,  (a) 


Velocity  of 

wind  per 

hour. 

Loadap- 
DUed  +0.8 
for  friotion. 

Pounds. 

Tnmflof 
wheel  per 
minute. 

Product. 

Thermom- 
eter. 

MUeg. 

°F. 

8.375 

0.8 

72.26 

21.678 

33 

8.375 

1.3 

53.78 

69. 914 

34 

8.466 

1.5 

50.82 

75.480 

28 

8. 475 

1.7 

47.17 

80.189 

28 

8.379 

1.9 

44.48 

84.512 

29 

8.422 

2;i 

42.10 

88.410 

30 

8.439 

2.3 

38.20 

87.860 

31 

8.400 

2.6 

32.95 

82.375 

31 

8.397 

2.7 

26.98 

72.846 

31 

8.392 

2.9 

22.08 

63.887 

32 

8.370 

3.1 

516.03 

49.693 

32 

8.329 

3.6 

0 

0 

82 

a  See  table  on  page  47. 


b  Needed  asaUtanoe  to  atart. 


BESULTS  OF  OBIUINAL  EXPEBIUENTt). 


Ezperimeata  made  Jannai;  18,  1883, 

Wheel  the  same  as  No.  18,  except  that  the  iiiolinatiou  of  the  aaile  naa  cbauged, 
making  the  angle  of  neathar  27.6  degrees. 


EXPERIMEKTS   WITH    WINDMILLS. 


Fia.  IS.— Elendon 


Wheels  Noa.  24  to  28  differed  fh>m  each  other  onl;  iu  angles  of  weather,  each 
having  24  plain  eails  16  incbea  long,  7  inches  wide  at  ontei  ends,  and  3  inohee  wid« 
at  inner  ends.     Wheels  otherwise  the  same  as  No.  6. 

Total  area  of  sail  snrfaoe,  IS.OOO  sqaare  feet. 
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Whjsels  Nos.  29  TO  33. — Results  of  experimenU. 


No.  of 
wheel. 

1 

weath- 
er. 

Yolooity 

of  wind 

per  hour. 

Load 
applied 
+0.1  for 
friction. 

Ptmnds. 
0.1 
1.9 
3.5 
0.1 
1.9 
3.7 
0.1 
2.1 
4.0 
0.1 
2.1 
4.1 
0.1 
2.1 
4.3 

Turns  of 

wheel  per 

minute. 

Product 

atmaxi' 

mum. 

Product  of 
No.  2  at 

Ratio  of 
prodnota. 

Date. 

33 
33 
33 
29 
29 
29 
30 
30 
30 
31 
31 
31 
32 

o 

25 

25 

25 

27.5 

27.5 

27.5 

30 

30 

30 

32.5 

32.5 

32.5 

35 

35 

36 

JfilM. 

8.434 
8.401 
8.341 
8.421 
8.406 
8.454 
8.348 
8.429 
8.399 
8.407 
8.418 
8.422 
8.410 
8.454 
8.444 

75.46 
37.80 

0 
73.10 
39.10 

0 
69.18 
35.15 

0 
66.73 
34.94 

0 
62.90 
33.43 

0 

1883. 
Mar.   14 
Mar.    14 
Mar.    14 
Mar.   27 
Mar.   27 
Mar.   27 
Mar.   29 
Mar.   28 
Mar.    28 
Mar.   30 
Mar.   30 
Mar.  30 
Mar.   31 
Mar.   31 
Mar.   31 

71.820 

a62.463— 

1.150 

i 



74.290 

ft  61. 845— 

1.201 

• 



73. 815 

c62. 478-f 

1.181 

73. 374 

d61.864— 

1.186 

1 
1 

32 
32 

70.203 

e61. 408-f 

_     

1.143 

.... .... 

1 

a  Wind, 
ftWind, 

IBR  2(1- 


8.403  milea  per  hour.  o  Wind,  ^.427  milee  per  hoar. 

8.410  milee  per  hour.  d  Wind,  8.419  miles  per  hour. 

e  Wind,  8.440  miles  per  hour. 


EXPERIMENTS   WITH    WINDMILLS. 


Wbeele  Nob.  39  to  33  differed  from  each  other  onl;  ii 
ing  24  pUin  sftile  IS  incbee  long,  8iV  incUea  wide  >t  oi 
at  inner  ends. 

Total  area  of  Rail  atirraoe,  17.016  aqnare  feet. 

Wheels  otherwise  the  same  aa  No.  9. 

DynamameteT  improved  liy  additioo  of  autifriotioii  wlieela  and  antomatic  brake 
adjuster,  iirst  need  March  13,  18S3,  with  wheel  No.  33.  * 
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Whbjels  No8.  19,  20,  asd  Si.^-Resulta  of  experiments. 
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No.  of 
wheel. 


Angie  of 
weather. 


o 

19 

27.5 

19 

27.5 

19 

27.5 

20 

30 

20 

30 

20 

30 

34 

25,35 

34 

25,35 

34 

25, 35 

Velocity 

of  wina 

per  hour. 


Load     ;Tarns  of 


applied 
+0.1  for 
ftiction. 


MiUt. 

8.471 

8.500 

8.455 

8.464 

8.486 

8. 475 

8.498 

8.502 

8,487 


wheel 

per 
minute. 


Pounds. 
0.1 

1.9 

3.3 

0.1 

1.9 

3.55 

0.1 

1.7 

3.5 


74.94 
39.57 

0 
70.78 
39.87 

0 
76.47 
43.77 

0 


Product 
at  maxi- 
mum. 


Product  of 

No.  2  at 
maximum. 


75.183 


a  62. 719+ 


Ratio 
of  prod- 
ucts. 


1.204 


75.753 


74.409 


662.966— 


c61.655-t- 


1.203 


1.207 


1883. 


Apr.  12 

Apr.  11 

Apr.  11 

Apr.  14 

Apr.  13 

Apr.  14 

Apr.  19 

Apr.  18 

Apr.  19 


a  Wind,  8.499  miles  per  hour.        b  Wind,  8.487  miles  per  hour.        e  Wind,  8.501  miles  per  hour. 

Wheels  Nob.  19, 20,  and  34  differed  from  No.  18  only  in  angles  of  weather. 
The  sails  of  No.  34  uere  twisted,  making  angles  of  weather  25  degrees  at  outer 
ends  of  sails  and  35  degrees  at  inner  ends. 

WiiBBLS  Nos.  35  TO  38. — Results  of  experiments. 


No.  of 
wheel. 


38 
38 
38 
36 
36 
36 
35 
35 
35 
37 
37 
37 


per  hqur. 


Load 
applied 
+  0.1  for 
friction. 


Turns  of 
wheel 

per 
minute. 


22.5 
22.5 
22.5 
25 

I  25 
25 

t  27.5 
27.  D 
27.5 

'  30 
SO 
30 


MiUt. 

Pounds 

8,524 

0.1 

8.488 

1.5 

8.521 

2.9 

8.525 

0.1 

8.499 

L7 

8.413 

3.1 

8.413 

0.1 

8.424 

1.7 

8.445 

3.4 

8.459 

0. 1 

8.477 

1.9 

8.473 

3.6 

84.65 
52.51 

0 
80.67 
47.05 

0 
76.78 
46.64 

0 
73.12 
40.41 

0 


Product 
at  maxi- 
mum. 


78.765 


79.985 


79.288 


Pmdiict  of 

No.  2  at 
maximum. 


Batio  of 
products. 


o  63.  802= 


Date. 


1.235     i 


662.852—'  1.273 


c  63. 726— 


1.244 


76.779    Id  62. 928 


1.220 


1883. 
Apr.    28 
Apr.   28 
Apr.    28 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 


26 
26 
26 
24 
25 
25 
27 
27 
27 


a  Wind,  8.488  miles  per  hour. 
b  Wind,  8.500  miles  per  hour. 


eWind,  8.425  miles  per  hour. 
d  Windf  8.478  miles  per  hour. 


Wheels  Nos.  35, 36, 37,  and  38  contained  12  plain  sails  of  lineal  dimensions,  as  shown 
in  Gg.  19.  Each  sail  made  hj  fastening  together  2  sails  of  No.  18.  Wheels  other- 
wise the  same  as  No.  18,  and  differed  from  each  other  only  in  angles  of  weather. 

Total  area  of  sail  surface,  12.937  square  feet. 


EXPEBIMENTS    WITH   WINDMILLS. 


Flo.  18.-£le*iiUDn  ud  Hotlon  of  whsel  So.  99.    (BaJI  UM,  l2.Kn  aqiiua  teet;  eSclsnoy,  D.im.) 
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Fio.  19.— Dimensions  of  sails  of  wheels. 
Kos.  85, 86, 87,  and  88. 

Whbeijs  Nob.  40  to  ^.^BesuJU  of  experifMnU. 


Vo.of 
wheeL 


41 
41 
41 
40 
40 
40 
42 
42 
42 
43 
43 
43 


Angle  of 
weather. 


26 

25 

25 

27.5 

27.6 

27.6 

30 

30 

30 
25,80 
25,30 
25,30 


Velocity 
of  wlna 
per  hour. 


Miles. 

8.461 

8.496 

8.496 

8.498 

8.459 

8.619 

8.491 

8.464 

8.476 

8.528 

8.476 

8.495 


Load 
applied 
+0.1  for 
friotlon. 


Pounds. 
0.1 
1.9 
3.46 
0.1 
1.9 
3.76 
0.1 
1.9 
3.9 
0.1 
1.9 
3.6 


Turns  of 
wheel 


per 
niinal 


ate. 


Product 
at  maxi- 
mum. 


84.70 
46.81 

0 
82.13 
45.74  !  86.906 

0 
77.95 


Product  of 

Ko.2at 
maximum. 


88.939     65.474= 


43.16 

0 
84.92 
45.92 

0 


81.985 


87.248 


Date. 


62.928= 


61. 180= 


1.381 


L339 


62.396= 


1.398 


1883. 

May  6 

May  6 

May  5 

May  3 

May  3 

May  3 

May  7 

May  7 

May  7 

May  8 

May  8 

May  8 
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[vo.  20. 


Wind  for  No.  2  the  same  as  for  wheel  compared  in  each  case.  Wheels  contained 
12  angular  oonoave  sails  of  lineal  dimensions  as  shown  in  fig.  21.  Each  sail  made  hy 
fastening  together  two  sails  of  No.  18  at  an  angle  of  165  degrees  so  as  to  present  con- 
cave surface  to  the  wind.  Wheels  differed  only  in  angles  of  weather.  The  sails  of 
No.  43  were  twisted,  making  the  angles  of  weather  25  degrees  at  outer  ends  of  sails 
and  30  degrees  at  inner  ends.    Total  area  of  sail  surfaoe,  12.937  square  feet. 


Fio.  ao.— Elevation  and  nection  of  wheel  No.  40.     (Sail  area,  12.937  Rqnare  feet;  eflloiency,  0.213.) 


RESULTS   OF   ORIGINAL  EXPERIMENTS. 
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%CL.^3£j 


Fio.  21.— Dimennlons  of  oonoaye  mJIb  of 
wheels  Noo.  40, 41, 42,  and  48. 

Whbbls  Nob.  40  to  42. — Results  of  experiments. 


No.  of 
wheel. 


41 
41 
41 
41 
41 
41 
40 
40 
40 
40 
40 
40 
42 
42 
42 
42 
42 
42 


Angle  of 
weather. 


I 


o 
25 

25 

25 

25 

25    • 

25 

27.5 

27.5 

27.5 

27.5 

27.5 

27.6 

80 

30 

30 

30 

30 

30 


Velocity 

of  wind 

per  hour. 


MiUs. 

6.444 
10.963 

6.459 
11.022 

6.404 
11.  Ill 

6.372 
10.890 

6.371 
11.041 

6.403 
10.944 

6.454 
10. 974 

6.429 
10.997 

6.411 
11.063 


Load 
applied 
4-0.1  for 
motion. 


Pounds. 
0.1 
0.1 
1.1 
3.3 
2.0 
5.6 
0.1 
0.1 
1.1 
3.3 
2.1 
6.3 
0.1 
0.1 
1.2 
3.7 
2.3 
6.9 


Tnms  of 

wheel  per 

minnte. 


65.33 

111.10 

35.07 

55.45 

0 

0 

60.27 

106.73 

32.90 

56.32 

0 

0 

59.13 

103.50 

29.65 

50.62 

0 

0 


Prodact 

at  max!- 

mam. 


38. 577 
182. 985 


36.190 
185.856 


Product  of 

No.  2  at 
mazimam. 


28.270= 
al37. 346+ 


26.290= 
135.498= 


35.580 
187.294 


26. 037= 
138.897= 


Ratio 

of  prod- 

ucta. 


1.365 
1.332 


1.377 
1.372 


1.367 
1.348 


Date. 


1883. 
May  24 
May  29 
May  24 
May  29 
May  24 
May  29 
May  14 
May  21 
May  14 
May  17 
May  14 
May  21 
May  23 
May  23 
May  23 
May  22 
May  23 
May  22 


a  Wind,  11.021  miles  per  hour. 


56  EXPERIMENTS  WITH    WINDMILLS.  [no.sa. 


Tio.  13.— £lantlan  ud  wcUcn]  of  vheB]  No.  SD.    (S^  krak,  IS.OTI  iqiuni  hM|  effldaKiT,  O.U 


1»KRBT.] 
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Whkels  N08.  35,  39,  40,  and  44. — Results  of  experiments. 


iro.of 

wheeL 


Anglo  of 
weather. 


35 

35  , 

35  • 

39 

39 

39 

40 

40 

40 

44 

44 

44 


Velocity 

of  wind 

])er  hoar. 


27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
27.5 

25,30 

25,30 

25.80 


MUet. 

8.413 

8.424 

8.445 

8.472 

8.512 

8.431 

8.498 

8.459 

8.519 

8.482 

8.477 

8.475 


Load 

applied 

+0.1  for 

ftiotion. 


Pounds. 
0.  I 
1.7 
3.4 
0.1 
1.9 
3.7 
0.1 
1.9 
3.75 
0.1 
1.9 
3.6 


Tama  of 
wheel 

minnte. 


76.78 
46.  &i 

0 
64.52 
35.57 

0 
82.13 
45.74 

0 
84.88 
44.35 

0 


Prodact 
at  maxi- 
mum. 


Product  of 

No.  2  at 
maximum. 


Ratio 
of  prod- 
ucts. 


79.288 


a63.726—     1.244 


67.583     63.650= 


86.906 


62.928= 


84.265 


60.952= 


1.062 


1.381 


1.382 


Date. 


J  883. 
Apr.  24 
Apr.  26 
Apr.  25 
1 
1 
1 
3 
3 
3 
9 


May 

May 

May 

May 

May 

May 

May 

May    9 

May    9 


a  Wind,  8.425  mileH  per  hour. 

Wheel  No.  39  contained  12  sails  of  lineal  dimensions  as  shown  in  fig.  23,  made  by 
adding  to  the  sails  of  Ko.  35,  along  their  rear  edges,  strips  as  illnstrated,  so  as  to 
present  concave  snrfEbce  to  the  wind,  lint  the  line  ah  was  considered  the  face  of  the 
sail  as  regards  angle  of  weather.  For  No.  40  see  previous  description.  Sails  angu- 
lar  eoncave. 

Wheel  Ko.  44  was  the  same  as  No.  3  except  that  the  angles  of  weather  were  25 
degrees  at  outer  ends  of  sails  and  30  degrees  at  inner  ends.    Sails  oircnlar  concave. 


(^' 


d 


Fig.  28.«-Di]nen8ion8  of  sails  of  wheel  No.  39. 
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FiQ. 24.— Elevatioii  and  aeotion  of  whael  No.  44.     (Sail  area,  18.000  aqaare  feet;  effidenoy,  0.213.) 


PBRBT.] 
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WiiEKLS  No8.  45  TO  49. — BenultB  of  expenmenU, 


No.  of 
wheel. 

Angle 
weather,  a 

Velocity 

of  wind 

per  hour. 

Load 
applied 
+0.1  for 
ftiotiaii. 

Turns  of , 
wheel 

per 
minute. 

Product 
at 

maximum. 

Product  of 
No.  2  at 

Ratio 

of 
prod- 
ucts. 

Date. 

46 
46 
46 

45 
46 

45, 

47 
47 
47 

48 
48 
48 

49 
49 
49 

i 
17. 5  at  ah  • 

20     atod 

25     ate/ 

27. 5  at  ^^ 

aO     at  ah 

22.5  at  cd 

27.5  ate/ 

30     tktgh 

22.5ata6 

25-   atc<2 

30     at«/  , 

32.5  at  jf^ 

35     ata& 

27.5  at  ed 

32.5  ate/ 

35     t^tgh 

27.5ata» 

30     atcd 

35     ate/ 

37. 5  at  gh 

MiUB. 

11.025 

10. 979 
10.905 

10. 918 
11.001 
11.021 

11.026 

10. 980 
10.944 

11. 125 
10. 935 
11.014 

11. 187 
10.994 
10.993 

Pounds. 

0.1 
2.7 

4.8 

0.1 
2.9 
5.2 

0.1 
3.3 
6.0 

0.1 
3.7 
6.5 

0.1 
3.9 
6.6 

160.90 

85.19 

0 

156.63 

79.99 

0 

148.68 

73.31 

0 

141.97 

66.79 

0 

136.30 

58.82 

0 

1883. 

June  25 
June  25 
June  25 

June 21 
June 20 
June  21 

June  27 
June  26 
June  27 

June  27 
June  28 
June  28 

June  29 
June  29 
July    2 

230.013 

6135. 201— 

L701 

...... ...|  —    

231.971 

cl29. 195-1- 

* 

1.796 

241. 923     132. 264— 

1.829 

1 
1 

247.123 

132.033=: 

1.872 

229.398 

127. 116= 

1.805 

1 

1 

a  Letters  in  this  column  refer  to  fig.  26,  p.  61. 
b  Wind,  10.980  miles  per  hour. 


0  Wind,  U.OOO  miles  per  hour. 


1.09=  =jT= ratio  of  velocity  of  wind  to  velocity  of  outer  eztremitiea  of  sails 
of  No.  48  for  maximum  work.    See  page  71. 
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Fio.  25.— EleTAtion  iinil  section  of  wheel  Ko.  48.    (Sail  area,  14.160  ■qnare  feet;  efflcienoj, 0.28S.) 

Wheels  Noe.  45  to  49  differed  ttom  each  other  only  in  angles  of  weather,  and  con- 
tained six  Bails  of  lineal  dimensions  as  shown  in  fig.  26.  Sails  were  made  by  glning^ 
together  several  layers  of  paper  which  formed  pasteboard  abont  one-sixteenth  of 
an  inch  thick.  The  backs  of  front  and  rear  edges  of  each  sail  were  bordered  by  thin 
pine  strips.  Baeks  of  onter  edges  of  sails  were  likewise  bordered  and  held  in  shape 
by  stiff  curved  pine  pieces.  The  inner  end  of  each  sail  was  fastened  securely  to  a 
thick  cnryed  pine  piece,  which  was  bolted  against  the  onter  end  of  a  short  ash  %nn, 
so  that  the  sail  oonld  be  tomed  on  the  bolt  and  set  at  any  desired  angle  of  weatiier. 
Thus  the  arms  did  not  extend  beyond  the  inner  ends  of  the  sails.  The  outer  cor- 
ners of  each  sail  were  held  in  position  by  two  fine  brass  wires  extending  to  the  fh>iit 
inner  comer  of  the  succeeding  sail.  The  i^ont  and  rear  edges  also  curved  some- 
what, so  that  the  sails  presented  double  concave  surfaces  to  the  wind .  In  oonstmct- 
ing  these  wheels  we  aimed  at  avoiding  all  unnecessary  obstruction  to  the  passaj^  of 
wind  between  the  sails. 


PKBBY.] 
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Fio.  26 — Dimensions  of  sails  of  wheels  Noe.  46  to  40. 


Wheels  Nob.  2,  60,  and  Gh—BeaulU  of  expenmenta. 

• 

No.  of 
wheel. 

Yeloolty 
of  wind 
per  hour. 

Load 
applied 
-i-0.1  for 
Motion. 

Toms  of 
wheel 

ramate. 

Prodnct  at 
mazimam. 

Prodnot 
of  No.  2  at 
maxinvani. 

58.273— 
58.273= 
58.273= 

Batio  of 
products. 

Date. 

1 

60 

61 

2 

MUes. 
8.451 
8.452 
8.452 

PoundM. 

'  1.9 

1.9 

1.9 

56.50 
38.13 
30.67 

107.350 

a  72. 447 

'     68.273 

1.842 
1.243 
1.000 

1883. 
Sept.  15 
Sept.  15 
Sept.  15 

a  This  product  may  not  have  heen  *  maximum,  as  only  the  one  load,  1.9  pounds,  was  tried  with 
No.  61. 

Wheel  No.  60  was  the*  same  as  No.  48,  except  that  the  sails  were  considtTably 
warped  out  of  original  shape  from  long  standing  and  drying. 
Wheel  No.  61  was  the  same  as  No.  60,  except  that  along  the  back  of  each  sail  a 
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rectangnlar  piece  of  pine  1  by  1^  by  IT  inches  waa  faatened  to  make  on  obctraotiDn 
representing  an  extenaion  of  the  arm,  as  illnetrated  in  Sgt.  28  and  29. 

The  relatiTs  effloienoy  of  No.  60  aa  compared  with  No.  61  is  indicated  by  the 
equation 

107.360  _ 
12.U1 


a.483 


RESULTS  OF  OBIQINAL  EXFElUMSNTti. 


rio.n.— KlerMtoDUidMOtlosafwhHlKo.Sl.    (Sail  ana,  U.lltt  (qnaie  ftet;  efficlmc;,  0. 
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FlO.  29.— BimoDsions  of  sails  of 
wheel  No.  61  with  obstroction 
on  hack. 

WiiRElii  Nos.  2,  49,  AND  53  TO  57.—Re9uU9  of  experimenU, 


No  of 
wheel. 


54 
53 
55 
2 
2 
56 
57 
49 


A.nelo  of 
deflect- 
or. 


30 
45 
60 


50 
50 


Velocity 

of  wind 

per  hoar. 


MiU». 
10.989 
11.156 
10.985 
11.007 
10. 975 
10.968 
11.054 
11.032 


Loads 

applied 

+  0.1  for 

Motion. 

Pounds. 

0.1 

0.1 

0.1 

0.1 

3.3 

3.3 

3.5 

3.5 

Turns  of 

wheel  per 

minute. 


Date. 


79.40 
81.80 
80.52 
77.57 
37.83 
40.63 
62.63 
64.22 


1883. 

July  3 
Jnly  .3 
July 
July 
July 
July  5 
July  5 
July     5 


3 

3 
5 


Wheels  Nos.  53,  54,  55,  and  56  were  the  No.  2  wheel,  with  stationaiy  leotangalar 
board,  i  by  9(|  by  22  inches,  plaoed  in  front  of  sails  and  with  its  face  set  at  varioaN 
angles  with  plane  of  wheel,  as  indicated  in  table,  to  act  as  deflector.  Board  sap- 
jiortod  by  arm  outside  of  wheel  on  side  farthest  from  axis  of  sweep ;  its  lower  edg«) 
at  height  of  axis  of  wheel,  horizontal,  and  parallel  to  plane  of  wheel.  Inner  end  of 
board  9  inches  from  axis  of  wheel  prolonged. 

Wheel  No.  57  was  wheel  No.  49,  with  the  same  board,  described  above,  similarly 
used  as  deflector,  except  that  its  lower  edge  was  placed  so  as  to  clear  the  forward 
edges  of  sails  by  about  2  inches  ut  earli  end. 

In  the  case  of  Nos.  53  to  56  the  center  of  board  deflector  was  about  7  inches  from 
center  of  sails. 
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Whbels  Nos.  2,  49,  61,  52,  58,  and  Sd^—Besulie  of  experiments. 


No.  of 
wheel. 

Position 

of 

obstruction. 

Velocity  of 

wind 
per  hour. 

Load  ap- 
plied 
+0.1  for 
^notion. 

Turns  of 
wheel 

per 
minute. 

I 
Date. 

1883. 
July  3 
July  3    1 
July  3 
July  5 
July  5 
July  5 

2 
51 
52 
49 
58 
59 

Before  . . 
Behind. . 

MiUs. 
11.141 
11.130 
11.045 
10.966 
10.972 
10.972 

Pounds. 
O.l 
0.1 
0.1 
3.5 
3.5 
3.5 

78.58 
75.73 
76.16 
64.53 
55.54 
6o!o6 

Before  .. 
Behind.. 

Wheel  No.  51  was  No.  2,  with  rectangular  board  ^  by  9^}  by  22  inched  placed  hori- 
zontally in  front  of  the  side  of  wheel  farthest  from  axis  of  sweep,  its  face  parallel  to 
plane  of  wheel  so  as  to  act  as  obstruction  to  wind.  Board  held  at  its  outer  end  by 
means  of  an  arm  outside  of  wheel. 

Distance  from  board  to  centers  of  sails,  8  inches. 

Distance  from  inner  end  of  board  to  axis  of  wheel  prolonged,  9  inches. 

Wheel  No.  52  was  the  same  as  No.  51,  except  that  the  board  was  placed  8  inches 
b'ehind  centers  of  sails. 

Wheel  No.  58  was  No.  49,  with  obstrution  board  above  described  similarly  placed, 
8^  inches  in  front  of  centers  of  sails. 

Wheel  No.  59  was  the  same  as  No.  58,  except  that  the  board  was  placed  8^  inches 
behind  centen  of  sails. 


SAILS  AT  BEST  ANGLES  OF  WEATHEB. 
Efficiency  of  varioue  toind  wheels  at  best  angles  of  weather. 


1 

.a 
o 

« 


1 

2 
10 
19 
34 
24 
29 


3« 
44 

40 
43 


0*M 


flS 


Sq.  ft. 

9.100 
18.380 
10.688 
12.937 
12.037 
13.000 
17. 016 


35  '  12.937 


12.937 
13.500 
12.937 
12.937 


48      14.159( 
I  I 


u 

o 
c 

"St 

a 


o 

35 

35     , 
27.5 
27.5 

25,35 
27.5 
27.5 
27.5 
25 

25,30 
27.5 

25.30 

25,27.5 
32.5,36 


u 

0 

o 
u 

n 


Miies. 
8.462 
8.403 
8.838 
8.500 
8.502 
8.426 
8.406 
8.424 
8.499 
8.477 
8.459 
&476 
}l0.935 


« 

9 
O  el 

«  a 


60.0 
59.0 
72.0 
75.5 
76.5 
72.7 
78.0 
77.0 
80.0 
85.0 
81.5 
84.5 
141.0 


• 

B 
1 

c 

a 
to 

s 

1 

Lbs. 

Lbs. 

1.6 

4.1 

1.0 

..,. . 

1.7 

3.2 

1.9 

3.4 

1.7 

3.4 

1.9 

3.6 

1.9 

3.3 

1.7 

d.4i 

1.7 

3.5 

1.9 

3.6 

1.9 

3.5 

1.9 

6.1 

3.7 

3 

H 


31.69 

32.875 

39.33 

39.57 

43.77 

38.87 

39.10 

46.64 

47.05 

44.35 

45.74 

45.02 

66.79 


tB 

0 


50.704 
62.463 
66.861 
75.183 
74.400 
73.863 
74.290 
79.288 
79.988 
84.265 
86.906 
87.248 
247.123 


04 

■         • 

o  a 


n 

«M 

o 
o 

US 


s  * 

III 


62.463     1.000 


62. 719 
61. 655 
60.762 
61. 845 
63.726 
62.852 
60.953 
62.928 
62.396 
182.033 


1.204 
1.207 
1.212 
1.201 
1.244 
1.273 
1.382 
1.381 
1.398 
1.872 


0.0544 


.0931 
.0938 
.0808 
.0706 
.0962 
.0984 
.1017 
.1067 
.1081 
.1322 


*  o  • 

4 


II 


?q 


S" 


30  r 

60  U* 

24  0 
24  B 
24^ 
240 
12© 
12® 

12 /E\ 

12^ 


IBB  20- 
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The  velocities  of  wind  given  in  this  table  are  strictly  correct  only  for  prodacts  at 
maximom,  thoagh  they  are  very  nearly  correct  also  for  prodacts  of  No.  2  at  maxi- 
mnm.  The  velocities  of  wind  are  only  approximately  correct  for  turns  of  wheels 
unloaded  and  for  starting  forces.  Nothing  was  added  to  starting  forces  for  friction, 
and  the  0.1  ponnd  was  added  to  starting  forces  in  preceding  tables  only  for  con- 
venience.^   For  farther  particulars  consult  preceding  tables. 

BELATIONS  OP  THBEE  DIPFEBENT  TELOCITIES  OP  WIND. 


Belation  of  different  velocities  of  ioind  to  maximum  products. 


Angle 

of 
weatber. 


No.  of 
wbeel. 


2 
2 
2 
40 
40 
40 
41 
41 
41 
42 
42 
42 


Wind  per  hour. 


Miles. 
6.371 
8.450 
6.371 
6.371 
8.459 
6.871 
6.450 
8.406 
6.450 
6.420 
8.464 
6.420 


MOes. 

8.450 
11.041 
11.041 

8.450 
11. 041 
11.041 

8.406 
11.022 
11.022 

8.464 
10.007 
10.007 


Product  at  maxi- 
mum. 


26.200 
62.028 
26.200 
36.100 
86.006 
36.100 
38.677 
88.030 
38.577 
35.580 
81.085 
35.580 


62.028 
135.408 
135.408 

86.006 
185.856 
185.856 

68.030 
182. 085 
182.085 

81.085 
187.204 
187.204 


b 
a 


1.32&- 

1.305+ 

1.733 

1.328— 

1.305+ 

1.733 

1. 315+ 

1.207+ 

1.706+ 

1. 317+ 

1.290+ 

1. 707+ 


ar 

n 

A 

2.342 

2.394 

2.223 

2.153 

5.100 

6.154 

2.342 

2.401 

2.223 

2.130 

5.100 

5.135 

2.274+ 

2.306 

2.182 

2.057+ 

4.065+ 

4.748 

2.284+ 

2.304+ 

2.102 

2.284+ 

4.074 

5.264 

-O' 


n   rb\* 

A 


+0.052 

—  .070 

—  .045 
+  .050 

—  .084 

—  .064 
+  .032 

—  .125 

—  .222 
+  .020 
+  .092 
+  .«00 


-<!)• 


61.571 
130.880 
136.682 

84.757 
103.192 
188.152 

87.724 
104.065 
101.635 

81.265 
179.711 
176.975 


Conclusion, — Maximum  prodacts  vary  as  the  cubes  of  the  velocities  of  wind.  Some 
allowance  must  be  made  for  the  differences  in  time  and  condition  of  air  under  which 
the  various  products  were  obtained ;  considering  these  differences,  there  is  no  unac- 
countable variation  from  the  law  of  cubes. 

Belation  of  different  velocities  of  wind  to  startinr/  forces. 


Angle 

of 
vreathor. 


No.  of 
wheel. 


35 


27.5 


25 


30 


2 
2 
2 
40 
40 
40 
41 
41 
41 
42 
42 
42 


Wind  per  honr.     i     Starting  forces. 


MiUs. 

6.380 

8.405 

6.380 

6.403 

8.519 

6.403 

6.404 

8.496 

6.404 

6.411 

8.475 

6.411 


MiUs. 

8.405 
10.989 
10.989 

8. 519 
10.944 
10.944 

8.496 
11.  Ill 
11.  Ill 

8.476 
11.063 
11.063 


Pounds. 
2.3 
4.1 
2.3 
2.T) 
3.65 
2.0 
1.9 
3.a5 
1.9 
2.2 
3.8 
2.2 


Pounds. 
4.1 
7.0 
7.0 
3.65 
6.2 
6.2 
3.35 
5.5 
^.5 
3.8 
6.8 
6.8 


1 

b 

(by 

B 

a 

\a) 

A 

1.319 

t.740 

1.783 

L307 

1.708 

1.704 

1.722 

2.965 

3.043 

1.330 

1.769— 

1.825 

1.285 

1.651 

-1.699 

1.709 

2. 921— 

3.100 

1. 327— 

1.761 

1.763 

1.308— 

1. 711— 

1.642 

1.735 

3.010 

1. 322       1. 748 

1.305—  1.703 

1.725 

2.976— 

2.895 
1.727 
1.789 
3.091 


Conclusion, — Starting  forces  vary  as  the  squares  of  the  velocities  of  wind. 


1  See  starting  forces,  "  S,"  p.  25. 
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Selatian  of  different  velooUiee  of  wind  to  epeed  of  unloaded  wheels. 

Angle  of 

Nos.  of 
wheels. 

Wind  per  hour. 

Tama  unloaded. 

b 

a  > 

B 

A 

■  weather. 

1 

a 

b 

A 

B 

1 

o 

■ 

MiUt. 

JfilM. 

3 

6.437 

8.511 

43.78 

59.62 

1.322 

1.362 

35 

2 

8. 511 

10.996 

59.62 

78.68 

1.292 

1.320 

, 

2 

V 

6.437 

10.996 

43.78 

78.68 

1.708 

1.797 

1                1 
1 

40 

6.372 

8.498 

60.27 

82.13 

1.334 

1.363 

1        27i 

40 

8.498 

10.890 

82.13 

106.73 

1.28X 

1.300 

40 

6.372 

10.890 

60.27 

106.73 

1.709 

1.771 

41 

6.444 

8. 461 

'65.33 

84.70 

1.313 

1.296 

25 

41 

8.461 

10.963 

84.70 

111.  10 

1.296 

1.312 

1 

41 

6.444 

10.963 

'65.33 

HI.  10 

1.701 

1.701 

1 
1 

42 

6.454 

8.491 

59.13 

77.95 

1.316 

1.318 

30 

42 

8.491 

10.974 

77/95 

103.50 

1.292 

1.328 

1 

42 

6.454 

10.974 

59.13 

103.50 

1.700 

1.760 

'  Too  great  becanse  of  oateide  wind  and  perhaps  other  oaases. 

CkmeHueion. — Speeds  of  unloaded  wheels  increase  in  somewhat  greater  ratio  than 
the  velocities  of  wind. 

All  wind  wheels  tested  were  5  feet  in  external  diameter,  and  all  sails  were  18 
inches  long  except  in  the  case  of  Nos.  46  to  49  and  Nos.  60  and  61,  in  which  wheels 
the  sails  were  19  inches  long,  1  Inch  being  added  for  support  at  inner  ends. 

AUTOMATIC  BRAKE  ADJUSTER. 

On  March  13, 1883,  the  dynamometer  was  improved  by  the  addition 
of  an  aatomatic  brake  adjuster.  Previons  to  this  date  the  brake  was 
adjusted  as  described  on  page  23  through  regulating  the  teusion  of 
the  adiasting  cord  by  sliding  a  weight  in  and  out  on  a  lever  attached 
to  the  cord. 

This  method  required  time  and  patience  in  order  to  get  an  exact 
balance  between  the  load  applied  and  the  friction  of  brake,  aiid  it  was 
also  necessary  to  exercise  judgment  in  determining  when  the  balance  was 
exactly  even.  Furthermore,  an  exact  balance  was  not  always  retained 
during  a  test  of  one  minute,  as  required  for  accuracy,  and  frequent 
readjustments  were  constantly  necessary.  The  labor  involved  in  adjust- 
ing and  maintaining  a  proper  balance  of  friction  and  load  became  very 
tiresome  when  kept  up  for  from  six  to  eight  hours  continuously,  as  was 
frequently  the  case;  and  weariness  was  detrimental  to  the  perceptions 
as  well  as  to  the  judgment.  Therefore,  an  automatic  adjuster  became 
very  desirable,  both  for  relief  to  the  mind  and  for  the  increase  of 
accuracy. 

The  automatic  brake  adjuster,  after  various  attempts  and  failures, 
was  finally  constructed  as  follows:  The  brake  and  adjusting  cord  were 
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left  substantially  as  previously  described  on  page  23;  but  one  end 
of  a  short  rod  three-sixteenths  inch  in  diameter  was  attached  to  the 
cord  where  it  was  brought  back  from  the  brake  in  a  direction  parallel 
to  the  axis  of  the  shaft.  The  other  end  of  this  rod  had  a  full  thread, 
32  to  the  inch,  and  a  nut  which  was  fastened  to  a  wooden  wheel  A,  6J 
inches  in  diameter.  This  wheel  was  supported  on  a  hollow  tube  through 
which  the  rod  passed,  and  against  the  outer  end  of  which  the  nut  rested. 
The  nut  communicated  tension  to  the  adjusting  cord,  which  was  tight- 
ened by  revolving  the  wheel  A  in  one  direction  and  loosened  by  turn- 
ing the  wheel  in  the  opposite  direction.  This  wheel  A  was  driven  by 
a  small  wheel  ^,1^  inches  in  diameter,  fastened  to  a  large  wheel  C,  5 
inches  in  diameter.  This  wheel  C  was  driven  by  another  small  wheel 
D,  l^V  inches  in  diameter,  fastened  to  a  large  wheel  E^  4  inches  in 
diameter,  the  periphery  of  which  was  constantly  in  contact  with  another 
wheel  F  of  the  same  dimensions.  The  wheels  U  and  F  were  supported 
by  a  tilting  frame  which  oscillated  on  a  supporting  rod  passing  through 
the  centers  of  the  wheels  B  and  0,  but  not  touching  tliera.  The  wheels 
F  and  F  hung  in  close  proximity  to  the  rear  end  of  wind  wheel  shaft,  1^^ 
inches  in  diameter,  so  that  a  slight  movement  of  the  tilting  frame  would 
bring  either  of  the  wheels  ^  or  ^  in  contact  with  the  shaft;  and  if 
wheel  F  came  in  contact  with  the  shaft  while  revolving,  the  adjusting 
cord  would  be  drawn  tighter,  and  if  wheel  F  came  in  contact  with  the 
shaft,  the  tension  of  the  cord  would  be  relaxed.  The  tilting  frame  was 
connected  with  the  brake  and  partook  of  its  oscillating  motion,  so  th'at 
if  the  friction  of  the  brake  was  too  small  to  lift  the  load  applied,  wheel 
F  would  be  in  contact  with  the  shaft  and  would  cause  an  increase  iq 
the  friction  of  the  brake  until  the  load  was  lifted  and.contact  between 
wheel  F  and  the  shaft  broken.  If  the  friction  of  the  brake  was  too 
great,  the  load  applied  was  raised  until  wheel  F  came  in  contact  with 
the  shaft  so  as  to  cause  a  diminution  of  friction  until  contact  of  wheel 
^  with  the  shaft  was  broken.  It  was  very  easy  to  tell  at  any  time  if 
friction  of  brake  was  too  little  or  too  great,  by  simply  watching  the 
direction  of  movement  of  wheels  F  and  F.  This  did  not  require  the 
exercise  of  judgment,  as  errors  of  balance  were  greatly  magnified  to 
the  eye  and  made  self-correcting.  All  contacts  between  the  various 
wheels.  A,  By  0,  D,  -E7,  F,  and  shaft  were  frictional. ,  Wheels  By  0,  were 
entirely  supported  by  contact  of  peripheries  with  wheels  A  and  I>,  and 
wheel  F  was  so  hung  to  a  separately  hinged  support  that  its  own  weight 
produced  a  uniform  pressure  against  wheel  F,  The  entire  automatic 
system  was  supported  independently  of  the  brake;  the  connection  with 
the  brake  served  only  to  give  the  necessary  oscillatory  movement  to 
the  tilting  frame,  which  was  also  balanced  both  as  regards  the  action 
of  gravity  and  centrifugal  force  when  the  sweep  was  in  motion. 

Some  power  of  the  wheel  was  necessarily  consumed  by  the  auto- 
matic adjuster,  but  it  may  be  ascertained,  from  the  description  and 
dimensions  given,  that  a  point  in  the  wind  wheel  1  foot  from  the  center 
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of  shaft  would  move  in  tightening  the  adjusting  cord  about  67,019 
times  as  far  as  the  threaded  rod  attached  to  the  cord;  from  this  it 
follows  that  the  pressure  of  the  brake  against  the  cylinder  was  67,019  x 
16  =  1,072,304  times  as  great  as  the  force  required  at  1  foot  from  the 
center  of  shaft  to  produce  the  pressure,  without  considering  the  friction 
of  the  automatic  system.  And  if  we  make  the  very  liberal  allowance 
of  one-third  additional  force  required  to  overcome  the  friction  of  the 
automatic  system  and  call  the  friction  of  brake  0*05  of  pressure,  remem- 
bering that  the  diameter  of  cylinder  was  5^  inches,  we  may  readily  find 
that  the  force  required  to  produce  firiction  of  brake  equal  to  any  load 
would  be  only  about  Tsin  P^^^  ^^  ^^^^  ^^^^  ^^  ^^^  same  distance  from 
center  of  shaft.  Hence,  it  will  be  seen  that  the  x)ower  consumed  by 
the  automatic  brake  adjuster  was  too  minute  materially  to  affect  prod- 
ucts and  called  for  no  correction. 

THBOBT  OF  THE  ACTION  OF  THE  WIND  UPON  THE  SAILS  OF  WINDMILLS. 

Where  a  fluid  moves  along  in  a  current,  the  direct  force  of  the  cur- 
rent is  expressed  in  pounds  by  the  formula  Mvy  in  which  v  represents 
the  velocity  of  flow  in  feet  per  second  and  M  is  the  mass  of  fluid  which 

W 
flows  per  second  past  a  fixed  x)oint.    if=- -,  W  representing  weight  in 

pounds  of  fluid  passing  the  fixed  point  per  second,  and  g  =  32.2,  the 
constant  for  gravity.  * 

Where  a  current  acts  against  a  surface  and  its  direction  is  simply 
changed  by  the  surface  without  impeding  its  velocity,  a  direct  pres- 
sure =  Mv  is  exerted  by  the  impinging  current  in  the  direction  of  its 
motion,  and  an  equal  pressure  is  exerted  by  the  current  as  it  escapes 
from  the  surface,  =  Mvy  in  a  direction  opposite  to  the  direction  of 
escape. 

If  the  current  impinges  against  a  surface  which  is  itself  in  motion, 
the  relative  velocities  of  the  impinging  and  escaping  currents  must  be 
considered  in  determining  the  forces  which  act  upon  the  moving  sur- 
&Ge.  Of  the  two  equal  forces  due  to  impingement  and  escape  of  cur- 
rent the  sum  of  those  components  acting  in  the  direction  of  motion  of 
the  surface  constitutes  the  useful  efibrt  designated  by  P,.  and  if  the 
velocity  per  second  of  motion  of  surface  is  called  Uj  the  useful  work 
yielded  per  second  by  the  current  will  be  represented  by  Pu.    The 

actual  energy  of  the  current  is  represented '  by  -^  =~2^'  •    The  ratio 

of  useful  work  to  actual  energy  is  termed  ef&ciency,  and  is  repre- 

2Fug 
sen  ted  ^  by  the  symbol  1  —  fc  =  ^^?- 

In  deducing  formulsd  to  represent  the  action  of  wind  upon  the  sails 
of  windmills  we  have  proceeded  upon  the  assumption  that  the  sail 


1  See  Bankine'fl  Steam  Engine,  articles  li  and  144,  Case  III. 
*  See  Bankine's  Steam  Engine,  article  81. 
'  See  Rankine's  Steam  Engine,  article  92. 
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should  be  of  such  form  as  most  effectually  to  chaoge  the  air  current 
into  a  direction  as  nearly  as  possible  opposite  to  the  direction  of  the 
saiPs  motion.  We  have  also  assumed^  in  accordance  with  principles 
stated  by  Bankine  concerning  the  action  of  water  on  vanes,  that  the 
receiving  edge  of  the  sail  should  be  tangent  to  the  relative  direction  of 
the  impinging  current.  These  conditions  are  represented  in  fig.  30,  in 
which  DE  zsvss  direction  and  velocity  of  wind,  AE  =  v  =  direction 
and  velocity  of  sail,  and  a  =  angle  DEA^  which  the  direction  of  wind 
makes  with  direction  of  motion  of  sail. 

Then,  DA  =a  relative  direction  and  velocity  of  current  with  reference 
to  sail  AB. 

.  Let  BO  —  AD  =  relative  direction  and  velocity  of  current  as  it 
escapes  from  the  sail. 

/3  =  angle  B  OF  whioh  relative  direction  of  escaping  current  makes 

with  direction  of  sail's  motion. 

Then 

DC=^v  sin  a. 

AO=u—vcoBa. 

AD=  v'lj^sin*  a+{u—v  COB  a)\ 

OF^  OB  cos  /?= AD  cos  fi. 

OF = cos  ^  Vt?*  sin*  a+i^*— 2  uv  cos  a+v^  cos»  a. 

0F=^  cos  fi  Vt?*+tt*-2wcosa. 

If  Q=  volume  in  cubic  foot  of  air  acting  on  sail  in  1  second,  and  d  = 
weight  in  pounds  of  1  cubic  foot  of  air,  we  have  for  useful  eftbrt 

p=^(aF^ 


9 


(OF^AO). 


-P=-^[c08  ^  Vw*+v*— 2wt7  COS  a-^u+v  COS  a]. 


Fig.  80.— Action  of  wind  on  a  bmSL 

The  expression  for  useftil  work  becomes 

Busz  Jl  [te  cos  /?  Vu»4-t7*— 2  uv  cos  a— tt*+wr  cos  a]. 

Dividing  by  -J^=  -^  we  have  for  efficiency 

l-fc=2  *icos/?Vl  +  ^"-2  ?^cos  tf-  2^  +  2  •  cos  tf. 


(A) 
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Or  letting  ^  =0?, 

1 — k=i2x  QO%(iy/\  4- x' — 2j?^D08~a — 2ir*+2a?  cos  a.  ( B) 

By  substituting  —  cos  y  for  cos  /?  in  formula  (A)  the  expression  for 
Pu  becomes  tbe  same  as  formula  (6)  on  page  165  of  Eankine's  Steam 
Engine. 

To  find  an  expression  for  x  corre8i)onding  to  maximum  efficiency,  for 
general  values  of  a  and  (i  would,  as  Eankine  remarks,  be  more  trouble 
than  it  is  worth.  But  in  the  case  of  the  windmill  we  know  that 
a=90o,  which  makes  cos  £)r=0.    Hence,  formula  (B)  becomes 

1  -.A;==2  cos  ft  Vir»+^-2  x^.  (0) 

The  relation  between  x  and  ft  corresponding  to  maximum  and  mini- 
mum efficiency  will  be  expressed  by  the  formula 

-'=-i±jVi-l-.7=-*±2-s>W  (») 

From  this  it  appears  that  if  /?=0,  as  it  should  for  maximum  efficiency, 
X  becomes  infinite.  That  is,  the  theoretical  efficiency  of  the  windmill 
becomes  greater  as  the  si)eed  of  the  sails  increases  indefinitely. 

If  y^=0  formula  (G)  shows  that 

For  a?=l,  1-Ar=.828;  for  a?=2, 1— fe=.944; 
For  07=3,  l-fc=.973;  for  a?=10, 1-A:=.a974; 

or  almost  perfect  efficiency  when  the  speed  of  the  sails  is  10  times  the 
velocity  of  the  wind.  Perfect  efficiency,  however,  could  not  be  reached 
unless  j?=Qo . 

Of  course  the  formula  does  not  take  into  account  the  retarding  effect 
of  friction,  resistance  of  medium,  and  other  causes  which  make  it 
impossible  to  realize  in  practice  anything  like  the  efficiency  indicated 
by  the  formula,'  and  in  practice  ft  can  never  equal  0  as  it  should  for 
I)erfect  efficiency. 

Letting  x=:l  and  assigning  more  probable  values  to  /?,  formula  (C) 
gives 

For/J=10o,  l-;k=.785. 
For  )5=20o,  l-A-=.657. 
Por/?=30o,  1-A;=.449. 

Theoretically  the  analysis  of  the  action  of  wind  on  the  sails  of  a  wind- 
mill corresponds  to  the  analysis  of  the  action  of  water  on  a  reaction 
wheel  or  turbine  without  guide  blades.'  In  the  windmill,  as  commonly 
made,  angle  a  in  our  formula  (B)  is  necessarily  W^]  but  the  formula 
suggests  guide  blades  or  deflectors  corresponding  to  those  of  parallel- 

t  See  Bankine'e  Steam  Engine,  pp.  107  and  208. 
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flow  turbine  water  wheels.  For  if  we  give  to  x  aud  p  any  probable  finite 
Ysilaes,  we  may  And  the  valaes  of  angle  a  corresponding  to  maximum 
efSiciency  from  the  formula, 

1 


in  which — 


cos  a  =  J  (a?  +-  —  X  cos  ^/?)  (E) 

• 

For  J?  =  3  and  ft  =  IQo,  a  =  77°  46'; 
For  a?  =  2  and  (i  =  lOo,  a  =  73°  44') 
For  a;  =  3  and  (i  =  20°,  o'  =  70°  00'; 
For  a?  =  2  and  /?  =  20o,  «  =  68o  28'; 
For  a?  =  1  and  /^  =  20o,  a  =  66°  03'. 

These  assumptions  for  x  and  /3  are  plausible,  as  x  varies  greatly 
between  the  outer  and  inner  extremities  of  a  sail,  and  /i  should  be 
assumed  as  the  average  angle  of  escape  of  the  whole  cylinder  of  air 
intercepted  by  the  wheel,  aud  not  as  the  angle  merely  of  that  portion 
of  air  which  comes  immediately  in  contact  with  the  sails,  or  which  the 
sails  directly  intercept. 

It  is  to  be  noticed  th^t  formula  (B)  does  not  take  into  account  as  such 
the  angle  of  weather,  which  seems  to  be  incidental  to  practice  but  not 
to  theory. 

As  we  have  already  pointed  out,  our  formula  (A)  is  substantially  the 
same  as  Eankine's  general  formula  for  the  action  of  water  on  vanes. 
But  Bankine,  instead  of  applying  his  general  formula  to  windmiUs, 
breaks  entirely  away  from  it,  and  uses  another  formula  specially  deduced 
for  the  ^^case  of  a  flat  vane  oblique  to  the  jet,"  and  which  he  calls  the 
^^ easiest  method  of  solution."^  But  that  his  <'  easiest  method"  is  erro- 
neous even  in  the  case  specified,  is  evidenced  by  the  fact  that  a  very 
different  result  is  obtained  by  the  application  of  his  general  formula. 

We  pointed  out  the  nature  of  Eankine's  error  in  a  paper  dated 
December,  1881,  which  was  submitted  to  Prof.  B.  H.  Thurston,  of 
Stevens  Institute  of  Technology.  Other  writers  on  windmills  have 
made  the  same  mistake.  The  theory  and  formula  which  we  have  here 
given  are  abstracted  from  a  paper  also  prepared  for  Professor  Thurston, 
dated  March  6, 1882. 

Theoretical  considerations  were  kept  in  view  during  our  dynamomet- 
ric  experiments.  It  will  be  seen  from  the  preceding  tables  of  experi- 
ments how  closely  the  results  obtained  in  practice  correspond  to  theory. 

DISCUSSION  OP   RESULTS. 

*  THERMOMETRIC  AND  BAROMETRIC  INFLUENCES. 

The  preceding  pages  are  substantially  an  unchanged  reproductioii 
of  the  records  made  by  the  writer  for  the  United  States  Wind  Engine 
aud  Pump  Company  of  Batavia,  Illinois,  during  and  immediately  after 
the  experiments  in  1883.    The  only  alteration  we  have  presumed  to 

1  See  BttUUne'B  Steam  Engine,  pp.  lee  and  215. 
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make  is  iu  omitmg«the  records  of  barometric  readings  wbicb  were  made 
daring  tbe  earlier  experiments.  No  barometric  readings  were  taken 
or  recorded  after  December  21, 1882. 

CONSTRUCTION    OF  TABLB8. 

In  tables  on  pages  28  to  46  results  are  recorded  for  a  greater  or  less 
number  of  loads  increasing  usually  by  increments  of  two-tentlis  pound. 
Altbougb  the  results  are  always  given  in  the  order  of  increasing  loads, 
they  were  not  always  obtained  in  that  order,  as  is  indicated  by  the 
marginal  dates  at  the  right-hand  side  of  some  of  the  tables.  Enough 
tables  were  prepared  in  this  manner  to  show  how  in  general  the  speeds 
of  revolution  decreased  as  the  loads  increased,  and  how  the  products 
increased  with  the  increasing  loads  up  to  a  certain  point,  which  marks 
the  maximum,  and  then  decreased  continually  with  further  increments 
of  load  until  the  vanishing  point  was  reached.  It  was  not  necessary  to 
try  many  different  loads  in  order  to  find  the  best  load  corresponding 
to  the  maximum  product.  This  could  be  ascertained  by  a  few  trials, 
and  as  our  main  object  was  to  get  at  the  relative  merits  of  the  wheels 
tested,  we  subsequently  abandoned  the  practice  of  trying  so  many 
different  loads,  and  confined  our  attention  more  strictly  to  the  deter- 
mination of  maximum  products,  starting  forces,  and  unloaded  speeds; 
so  that  the  remaining  tables  on  pages  47  to  05  show  in  general  only 
these  three  results  for  each  wheel  and  comparisons  of  results  with 
different  wheels.  Special  explanations  relative  to  special  tables  are 
given  elsewhere. 

KZTRBME  RESULTS. 

In  addition  to  the  original  tables  already  presented,  we  have  collected 
together  in  the  following  table  the  maximum  products  given  by  wind 
wheel  No.  2  at  the  various  dates  it  was  tested  in  connection  with  other 
wheels.  It  may  be  observed  that  the  lowest  maximum  product  was 
58.083,  recorded  on  April  10,  1883,  and  that  the  highest  product  for 
wind  of  nearly  the  same  velocity  was  65.474,  recorded  on  May  5, 1883. 
Tbe  products  for  the  same  wheel  thus  vary  nearly  13  per  cent  on  different 
days.  Taking  the  temperature  and  barometric  pressure  of  Chicago  on 
the  two  days  above  mentioned  as  approximately  the  same  as  at  Batavia, 
35  miles  distant  due  west,  we  are  able  to  account  for  but  little  more 
than  2.per  cent  of  the  variation.  Notice  also  that  in  wind  of  about  11 
miles  per  hour,  the  lowest  maximum  product  was  124.839,  recorded  on 
July  5,  1883,  and  that  the  highest  product  was  138.897,  recorded  on 
May  22, 1883.  Here  a  variation  of  over  11  x>er  cent  appears  for  the 
same  wheel  on  different  days.  In  this  case  the  difference  in  tempera- 
ture and  barometric  pressure  at  Chicago  might  account  for  a  little  more 
than  8  per  cent  of  the  variation. 
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Maximum  product  of  wheel  No,  2  at  different  dates. 


Velocity  of 

wina 
per  hoar. 

Produot 
at  maximum. 

DaU 

>. 

Velocity  of 

wina 

per  hour. 

Frodnct 
at  maximum. 

Date. 

MiUM. 

1883 

1. 

MUet. 

1883. 

8.485 

58.083— 

Apr. 

10 

8.478 

62.928— 

Apr.    27 

8:499 

62. 719+ 

Apr. 

11 

8.496 

65. 474= 

May      5 

8.487 

62.966— 

Apr. 

12 

8.459 

62.928= 

May      3 

8.463 

62.225 

Apr. 

16 

8.464 

61.180= 

May      7     j 

8.461 

58. 957— 

Apr. 

17 

8.476 

62. 396= 

May      « 

8.432 

62.966+ 

Apr. 

9 

*  8. 512 

63.650= 

May      1 

8.432 

60.762 

Apr. 

6 

8.477 

60.952 

May      9 

8.455 

61.902— 

Apr. 

6 

8.452 

58.273 

Sept.  15 

8.398 

61.142 

Apr. 

4 

11.041 

135.198 

May    17 

8.395 

61. 370+ 

Apr. 

3 

n.054 

126.984 

July     2 

8.403 

62.463— 

Mar. 

14 

11.021 

137. 346 

May    29 

8.410 

61.845— 

Max. 

27 

10.997 

138.897 

May    22 

8.427 

62. 478+ 

Mar. 

28 

10.980 

135. 201 

Juue  25 

8.419 

61.864— 

Mar. 

30 

11.000 

129. 195 

Jnne  20 

8.446 

61. 408+ 

Mar. 

31 

10.980 

132. 264 

June  26 

8.501 

61.655+ 

Apr. 

18 

10.935 

132.033 

June  28 

8.488 

63,802 

Apr. 

28 

10.994 

127. 116 

Jane  29 

8.500 

62.852— 

Apr. 

26 

10. 975 

124.839 

July     5 

8.425 

63.726— 

Apr. 

25 

ikFLUENCE  OF  OUTSIDE  WIND. 

Experiments  were  conducted  in  a  closed  room  to  insure  the  exclusion 
of  all  natural  wind.  The  exclusion  of  wind  from  .the  inclosed  space, 
however,  was  not  perfect.  The  wind  circling  around  the  outside  of  the 
building  undoubtedly  at  times  caused  a  slight  circulation  of  air  inside, 
which  may  have  been  more  i)otent  in  causing  variations  in  results  than 
either  thermometric  or  barometric  influences.  The  windows  were 
always  kept  carefully  closed  during  experiments,  and  the  doors  also 
were  guarded  as  much  as  possible.  The  doors,  however,  were  neces- 
sarily used,  and  we  distinctly  remember  being  obliged  to  discard  many 
measurements  on  account  of  doors  being  opened  during  tests  on  windy 
days.  But  unless  a  door  was  opened- during  a  test  we  considered  that 
errors  from  influence  of  outside  wind  were  sufficiently  guarded  against 
by  our  practice  of  comparing  all  results  with  those  obtained  with 
wheel  No.  2,  under  like  conditions,  as  explained  in  the  original  records. 


STANDARD  OF  COMPARISON. 


As  stated  in  the  original  record,  wheel  No.  2,  which  we  always  used 
as  a  standard  for  comparison,  was  modeled  after  the  Halliday  10-foot 
wind  wheel;  that  is  to  say,  the  slats,  arms,  etc.,  were  the  same  in  number 


piRwr.]  CORRECTIONS   FOR   AXLE   FRICTION.  75 

and  of  the  same  relative  dimensions  on  a  scale  of  one-half.  There  was, 
however,  this  difference,  that  the  Halliday  was  what  is  called  a  section 
wheel,  having  pivoted  sections  for  the  purpose  of  regulation.  Wheel 
I^o.  2  had  all  its  parts  rigidly  fixed  with  reference  to  each  other,  and 
therefore  was  more  like  the  solid  wheels  in  common  use  at  the  time. 
The  solid  wheels  were  really  copies  of  the  Halliday,  so  far  as  the  sails 
or  slats  and  the  arms  were  concerned.  The  only  essential  difference 
between  section  and  solid  wind  wheels  related  to  the  method  of  stop- 
ping and  governing  their  motion.  Different  makers  of  both  styles  of 
wheels  had  their  own  notions  about  angles  of  weather  and  proportions 
of  sail  snr&ce.  The  Halliday  10-foot  wheel  had  its  slats  set  at  an  angle 
of  350  with  the  plane  of  motion.  The  slats  were  as  thin  as  was  con- 
sistent with  safety,  considering  that  their  material  was  wood,  and  they 

« 

were  trimmed  to  a  sharp  edge,  so  as  to  cut  the  air  as  much  as  possible. 

Nearly  all  wind  wheels  in  use  at  the  time  .of  our  experiments  in 
1882-83  were  made  with  narrow  wooden  slats,  similar  in  general  appear- 
ance to  our  wheel  No.  2.  Some  makers  adopted  greater  angles  of 
weather  than  35  degrees,  and  even  let  the  sails  overlap  so  as  to  boast  of 
greater  sail  area  for  their  wheels  as  a  basis  for  claiming  greater  power. 
A  45-degree  angle  of  weather  was  not  uncommon,  and  the  slats  were 
often  made  thicker  than  those  of  the  Halliday  wheel ;  besides,  they  were 
not  always  trimmed  to  an  edge  in  front. 

In  adopting  as  our  standard  of  comparison  a  wheel  modeled  after 
the  10-foot  halliday,  we  believe  that  we  made  use  of  the  best  model 
available  to  represent  wind  wheels  in  general  as  then  constructed. 

CORRECTIONS  FOR  AXLE   FRICTION. 

in  the  earlier  tables  0.3  pound  was  added  to  all  applied  loads.  This 
0.3  pound  was  arrived  at  as  explained  after  the  table  on  page  38,  and 
was  in  reality  an  estimate  of  frictional  resistance  to  starting,  or  to 
slow  motion.  As  authorities  stated  that  friction  was  the  same  at  all 
velocities,  we  adopted  0.3  pound  as  approximately  representing  the 
frictional  resistance  of  the  journals  without  regard  to  speed.  We  after- 
wards learned  that  the  axial  friction  diminished  greatly  with  increase  of 
speed  of  revolution,  as  is  made  evident  by  comparing  the  speeds  of  the 
same  wheels  after  starting' friction  was  greatly  reduced  with  the  speeds 
before  reduction  of  friction  under  the  same  applied  loads  aud  also 
unloaded.    (See  original  records  after  table  on  page  38.) 

Wheels  Nos.  2, 18,  and  19,  especially,  may  be  compared.  Subtract 
0.3  from  loads  in  the  tables  giving  average  results  for  wheels  Nos.  2, 
18,  and  19,  on  pages  29,  43,  and  44,  and  subtract  0.1  in  tables  on  pages 
27  and  47  to  obtain  applied  loads.  Evidently  there  is  very  little  differ- 
ence between  the  axial  frictions  in  the  two  cases  for  unloaded  wheels. 

We  can  not  now,  after  a  lapse  of  more  than  fifteen  years,  undertake 
to  assert  what  the  axial  friction  previous  to  March  13,  1883,  should 
have  been  called  for  different  speeds.    But  if  in  the  table  on  page  29  we 
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call  friction  0.15  pound,  we  shall  find  the  maximum  product  to  be 
61.846  instead  of  66.860,  as  there  recorded.  And  as  this  correctioii 
would  make  this  table  agree  substantially  with  the  general  results  of 
the  table  on  page  74,  it  seems  probable  that  0.15  pound  is  about  the 
right  amount  to  allow  for  friction  in  the  first  twenty-one  tables  to 
obtain  maximum  i)roducts. 

If  in  the  table  on  page  43  for  wheel  No.  18  we  call  friction  0.15 
pound,  the  maximum  product  will  become  76.869,  obtained  January  13, 
1883.  On  April  10, 1883,  the  same  wheel,  No.  18,  gave  as  maximum 
product  69.300,  showing  a  variation  of  more  than  12  per  cent.  But  the 
United  States  Signal  Service  records  in  Chicago  show  for  these  two 
dates  a  difference  of  more  than  1  inch  in  the  barometric  column,  and 
about  39  degrees  difference  in  temperature,  which  will  account  for  a 
variation  of  about  12  per  cent.  Again,  if  in  the  table  on  page  44  for 
wheel  No.  19  we  call  friction  0.15  pound,  the  maximum  product  will 
become  82.130,  obtained  January  18, 1883.  On  April  11, 1883,  the  same 
wheel.  No.  19,  gave  as  maximum  product  75.185,  showing  a  variation  of 
over  9  per  cent.  The  differences  in  temperature  and  barometric  pres- 
sure as  given  for  these  two  dates  by  the  Signal  Service  records  at 
Chicago  would  account  for  a  variation  in  atmospheric  density  of  just 
about  9  per  cent.  These  three  wheels,  Nos.  2, 18,  and  19,  are  the  only 
ones  tested  both  before  and  after  the  reduction  of  friction  on  March 
13, 1883.  While  the  products  as  recorded  in  the  tables  in  which  0.3 
pound  was  added  to  loads  are  all  too  large,  their  comparative  values 
are  not  greatly  distorted  by  the  excessive  allowance  for  axial  friction. 

The  smaller  allowance  for  axial  friction  will  sometimes  make  the 
maximum  product  correspond  to  the  next  greater  applied  load,  as  in 
the  ease  of  wheel  No.  19,  page  44.  But  in  the  tables  on  pages  29  and  43, 
after  allowing  0.15  pound  instead  of  0.3  pound  for  friction,  the  maximum 
products  still  correspond  to  the  same  applied  loads  and  the  same  speeds 
of  revolution  as  before. 

AERIAL  FRICTIOX. 

So  far  we  have  not  attempted  to  estimate  the  friction  and  resistances 
of  the  air  itself,  although  the  tables  on  pages  57, 59,  and  61  are  very  sug- 
gestive on  this  point,  and  theoretical  considerations  also  indicate  the 
great  importance  of  this  subject,  as  will  hereafter  appear. 

RELATION  BETWEEN  SPEED  AND  LOAD. 

The  following  table  shows  the  relation  between  speed  and  load  for 
various  wind  wheels: 
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SPEED   AND  LOAD. 
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Table  showing  the  relation  between  speed  and  load. 


No.  of 

wheel. 

i 

Angles  of 
weather. 

A 

B 

A 
B 

0 

D 

0 

Sail 
surface. 

Turns  per 
minate  at 
maximnm. 

Tarns  per 

minute 
unloaded. 

Load  at 
maxi- 
mum. 

Starting 
force. 

o 

Square/eet. 

1 

35 

31.69 

59.08 

.54 

1.65 

2.55 

.65 

9.19 

2 

35 

33.43 

57.95 

.58 

1.85 

3.65 

.52 

18.38 

3 

24. 5, 11. 25 

47.48 

90.48 

.52 

1.35 

2.10 

.64 

13.59 

4 

20,     30 

55.93 

89.43 

.63 

1.55 

3.00 

.52 

13.59 

5 

22. 5, 32. 5 

46.10 

86.78 

.53 

1.95 

3.4 

.67 

13.59 

6 

30 

42.10 

69.03 

.61 

1.65 

3.1 

.53 

10.688 

7 

25 

47. 40 

73.60 

.64 

1.35 

2.6 

.54 

10.688 

8 

35 

36.84 

62.67 

.59 

1.75 

3.25 

.54 

10.688 

9 

32.5 

84.58 

66.40 

.52 

1.95 

3.1 

.63 

10.688 

10 

27.5 

39.33 

72.23 

.54 

1.75 

2.95 

.59 

10.688 

11 

20 

45.46 

77.60 

.59 

1.35 

2.00 

.68 

10.688 

12 

15 

43.88 

75.60 

.58 

1.15 

1.4 

.82 

10.688 

13 

40 

28.70 

56.33 

.51 

2.15 

3.4 

.63 

10.688 

14 

45 

24.72 

48.60 

.51 

2.15 

3.5 

.61 

10.688 

15 

47.5 

25.30 

46.84 

.54 

1.95 

3.65 

.53 

10.688 

16 

50 

20.67 

42.40 

.49 

2.15 

3.60 

.60 

10.688 

17 

25,     35 

38.70 

73.90 

.52 

1.75 

2.75 

.64 

10.688 

18 

25 

39.42 

75.58 

.52 

1.95 

3.1 

.63 

12.937 

19 

27.5 

38.20 

72.26 

.529 

2.15 

3.3 

.65 

12. 937 

20 

30 

39.87 

70.78 

.56 

1.9 

3.45 

.55 

12.937 

21 

32.5 

38.72 

67.97 

.57 

1.9 

3.6 

.53 

12.937 

22 

35 

31.96 

64.20 

.50 

2.1 

3.8 

.55 

12. 937 

23 

25,     30 

43.21 

73.46 

.59 

1.75 

3.25 

.54 

12.937 

24 

27.5 

38.87 

72.60 

.54 

1.8 

3.4 

.53 

15.000 

25 

30 

38.95 

69.00 

.56 

1.8 

3.6 

.50 

15.000 

26 

25 

43.74 

75.38 

.58 

1.7 

3.15 

.54 

15.000 

27 

35 

• 

33.74 

63.65 

.53 

2.1 

4.0 

.53 

15.000 

28 

32.5 

34.49 

67.07 

.51 

2.1 

3.8 

.55 

15.000 

29 

0 

27.5 

39.10 

73.10 

.53 

1.9 

3.6 

.53 

17. 016 

30 

30 

35.15 

69.18 

.57 

2.1 

3.9 

.54 

17. 016 

31 

32.5 

34.94 

66.73 

.52 

2.1 

4.0 

.52 

17. 016 

32 

35 

33.43 

62.90 

.63 

2.1 

4.2 

.50 

17. 016 

33 

25 

37.80 

75.46 

.60 

1.9 

3.4 

.56 

17.016 

34 

25,     35 

43.77 

76.47 

.57 

1.7 

3.4 

.50 

12.937 

35 

27.5 

46.64 

76.78 

.61 

1.7 

3.3 

.52 

12. 937 

36 

25 

47.06 

80.67 

.58 

1.7 

3.0 

.57 

12. 937 

37 

30 

40.41 

73.12 

.55 

1.9 

3.5 

.54 

12.937 

38 

22.5 

52.51 

84.65 

.62 

1.6 

2.8 

.54 

12. 937 

39 

i 

27.5 

35.57 

64.52 

.55 

1.9 

3.6 

.53 

13.072 
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TabU  showing  the  relation  between  speed  and  load — Gontinned. 


No.  of 
wheel. 

Angles  of 
weather. 

A 

B 

A 
B 

G 

D 

C 
D 

1 

Turns  per 
minato  at 
mazimnm. 

Tomsper 

miniito 
unloaded. 

Load  at 
maxi- 
mum. 

Starting 
force. 

Sail 
stirfiMse. 

o 

8quar«./eet. 

40 

27.5 

45.74 

82.13 

.56 

1.9 

3.65 

.52 

12.937 

41 

25 

46.81 

84.70 

.55 

1.9 

3.35 

.53 

12.937 

42 

30 

43.15 

77.95 

.55 

1.9 

3.8 

.50 

12.937 

1    .       ''' 

25,     ^0 

45.92 

84.92 

.54 

L9 

3.5 

.54 

12.937 

i           44 

25,.    30 

44.35 

84.88 

.52 

1.9 

3.5 

.54 

13.590 

45 

20,    .30 

79.99 

156.63 

.51 

2.9 

5.1 

.57 

14. 159 

1          46 

17. 5, 27. 5 

85.19 

160.90 

.52 

2.7 

4.7 

.57 

14. 159 

47 

22. 5, 32. 5 

73.31 

148.68 

.49 

3.3 

5.9 

.56 

'    14.159 

48 

25,35 

66.79 

141. 97 

.47 

3.7 

6.4 

.  5Jo 

14.159 

49 

27. 5, 37. 5 

58.82 

136.30 

.43 

3.9 

6.  .5 

.60 

1     14. 159 

BEST  SPEEDS  FOR  WIND  WIIEELS. 

A 

In  the  fifth  column  of  the  preceding  table  the  decimal  fractions  ^ 

indicate  for  the  varions  wind  wheels  the  ratio  of  speeds  at  maximum 

work  to  the  speed  of  wheels  unloaded. 

By  consulting  the  original  tables  on  pages  28  to  46,  it  may  be  noticed 

that  there  are  generally  four  or  five  products  nearly  as  great  as  the 

maximum  product  for  each  wheel.    Where  the  two  greatest  products 

are  nearly  the  same,  a  very  slight  difference  in  velocity  of  wind,  or 

other  cause,  may  make  the  maximum  result  correspond  to  either  of  two 

different  loads  or  two  different  speeds.    This  may  account  for  certain 

A  C 

apparently  rather  wide  variations  in  the  columns  ^  and  ^* 

In  general  the  best  speed  for  most  of  these  wind  wheels  is  about  0.55 
of  the  unloaded  speed,  and  a  variation  of  speed  between  0.45  and  0.70 
of  the  unloaded  speed  will  not  make  a  very  great  difference  in  the 
amount  of  work  performed,  provided  the  load  is  varied  to  suit  the 
difference  in  speed. 

BEST  LOADS   FOR  WIND  WHEELS. 


c 

1) 


In  the  eighth  column  of  the  preceding  table  the  decimal  fractions 
indicate  the  ratios  of  loads  at  the  maximum  of  work  to  the  greatest 


loads  that  the  wheels  can  start  without  continuous  turning. 

In  collecting  from  the  original  tables  the  numbers  i>,  which  repre- 
sent starting  forces,  the  original  figures  were  corrected  so  as  to  exclude 
what  was  originally  added  for  axial  friction.  (See  "Starting  forces'* 
on  ])age  25.)  Where  0.3  pound  was  added  to  applied  loads  prior  to 
March  13, 1883,  the  figures  were  corrected  for  C  in  the  sixth  column 
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to  correspond  to  an  axial  Motion  of  0.15  pound,  as  explained  under  the 
beading  "  Corrections  for  axial  friction,''  page  76. 

In  general,  it  may  be  said  tbat  tbe  ratio  of  best  loads  to  starting 
forces  is  about  0.55,  and  tbat  tbere  may  be  a  variation  in  the  load 
between  0.50  and  0.65  of  the  starting  force  without  serious  impairment 
of  efficiency. 

CONICAL  DEFLBCTOR  IN  CBNTBR  OF  WHKSLS. 

Wheel  No.  50  was  tested  because  our  attention  was  called  to  a  wind- 
mill patent  in  which  a  conical  deflector  was  shown.  Besides  saving 
the  wind  that  otherwise  would  pass  through  the  center  of  wheel 
unoccupied  by  sails,  an  advantage  was  also  claimed  because  the  air 
was  made  to  act  with  greater  leverage  on  account  of  encountering  the 
sails  farther  from  the  axis.  The  experiment  showed  there  could  be  no 
possible  advantage  from  such  an  arrangement. 

AIR-CUSHIONSD  SAIL  SURFACES. 

Wheu  wheel  No.  39  was  constructed,  the  narrow  strips  of  board 
along  the  edges  of  the  sails  were  intended  not  to  obstruct  the  spaces 
between  sails,  but  to  afford  air  cushions  on  the  faces  of  the  sails  against 
which  the  wind  might  act  to  better  advantage  than  against  plain  sur- 
faces. It  had  become  apparent  that  plain  sails  were  decidedly  inferior 
to  sails  with  concave  faces,  whether  circular  or  angular.  (Note  experi- 
ments with  wheels  Nos.  40, 43,  and  44.) 

It  was  contended  by  certain  windmill  experts  that  the  narrow  strips 
added  to  plain  sails,  as  used  in  wheel  No.  39,  would  answer  the  same 
purpose  as  the  sail  forms  of  wheels  Nos.  40, 43,  and  44,  and  that  wooden 
wheels  could  be  more  easily  constructed  in  that  way.  One  of  the 
experts  had  constructed  wind  wheels  similar  to  wheel  39.  It  was 
immediately  due  to  the  suggestion  of  another  prominent  windmill  ofli- 
cial  that  wheel  No.  39  was  made  and  tested.  For  ourselves,  tw  had 
much  more  decided  opinions  after  the  test  than  before,  notwithstanding 
tbe  fact  that  our  mathematical  solutions  as  presented  in  this  paper  were 
written  out  and  made  public  before  any  of  our  experiments  were  com- 
menced. Whatever  value  there  may  have  been  in  the  air-cushioned 
sail  faces  of  wheel  No.  39,  the  advantage  was  more  than  nullified  by 
the  obstruction  of  spaces  between  sails  and  the  bad  contours  of  their 
backs.    , 

OBSTRUCTIONS  ON  THR  BACK  OF  SAILS. 

Our  experience  with  wheel  No.  39  suggested  that  the  arms  and  bands 
also  might  be  detrimental  to  the  proper  smooth  and  peaceful  flow  of  air 
between  the  sails.  So  we  next  constructed  and  tested  wheels  Nos.  45 
to  49,  which  have  no  bands  and  no  arms  along  the  backs  of  the  sails. 
The  results,  as  shown  in  the  table  on  page  59,  speak  for  themselves. 

It  may  be  noticed  that  wheel  No.  47  carried  3.3  pounds  as  best  load, 
the  same  as  the  best  load  of  wheel  No.  2,  over  which  it  shows  a  gain 
in  power  of  about  83  per  cent.    The  gain,  therefore,  \i\  this  case  was 
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entirely  in  speed.  Kotioe  also  the  ratio  between  the  speeds  of  the  two 
wheels  running  unloaded,  i|f:ff  =1.91.  The  denominator,  77.86,  is 
taken  from  the  table  on  page  27. 

WASTE  OF  POWER  DUB  TO  THE  ARMS  OF  WIND  WHEELS. 

Two  or  three  months  after  making  the  many  experiments  the  sum- 
mary of  which  is  recorded  on  page  59,  it  occurred  to  us  that  it  would 
be  interesting  to  know  and  easy  to  ascertain  something  definite  as  to 
the  gain  in  power  effected  by  the  removal  of  those  portions  of  the  arms 
which  usually  are  made  to  extend  along  the  backs  of  sails  or  between 
the  sails  of  wind  wheels.  To  represent  the  portions  of  arms  previously 
removed,  we  prepared  six  pieces  of  pine  wood  1  by  IJ  by  17  inches. 
These  could  be  quickly  attached  to  the  baoks  of  the  pasteboard  sails 
by  two  little  screws  in  each,  and  as  quickly  removed,  as  often  as  neces- 
sary. 

We  found,  on  retesting  wheel  No.  48  in  September,  that  it  showed  a 
gain  over  wheel  No.  2  of  84  per  cent  instead  of  the  87  per  cent  gained 
when  tested  in  June.  We  attributed  this  small  loss  to  the  drying  and 
warping  of  the  sails,  and  therefore  designated  the  retested  wheel  as 
No.  60.  The  same  wheel,  with  the  six  pine  strips  above  mentioned 
fastened  to  the  backs  of  the  six  sails,  was  designated  as  wheel  No.  61« 
We  found  by  repeated  trials,  as  usual,  that  wheel  No.  60  required,  for 
the  wind  velocity  taken  to  produce  a  maximum  product,  a  load  of  1.9 
pounds. 

This  load  was  the  same  as  the  best  load  for  wheel  No.  2.  The  coin- 
cidence of  best  loads  made  the  comparison  of  wheels  No.  60  and  No.  2 
merely  a  matter  of  recording  speeds.  No  time  had  to  be  consumed  in 
changing  loads  and  reac^ustments  of  the  brake,  and  the  two  wheels 
were  replaced  by  each  other  alternately  in  rapid  succession. 

The  same  method  was  pursued  in  comparing  wheel  No.  60  with  wheel 
No.  61,  except  that  in  this  case,  instead  of  removing  from  the  axle  and 
replacing  the  entire  wheels,  we  merely  placed  and  removed  in  succes- 
sion the  six  strips  of  pine.  The  table  on  page  61  gives  the  averages  of 
results. 

It  is  x>ossible  that  1.9  pounds  may  not  have  been  exactly  the  best 
load  for  wheel  No.  61.  To  facilitate  the  speed  comparisons  and  render 
mistakes  of  brake  adjustment  impossible,  the  load  was  not  changed  and 
the  adjustment  of  the  brake  was  left  undisturbed  during  these  alter- 
nate tests  of  the  two  wheels.  We  consider  it  altogether  probable  that 
an  exact  determination  and  application  of  the  best  load  for  wheel  No. 
61  would  not  have  materially  changed  the  product  as  recorded.  At 
any  rate,  simply  removing  the  six  strips  of  pine  from  the  backs  of  the 
sails  caused  an  increase  in  the  speed  of  the  wheel  with  the  same  load, 
from  38.13  to  56.50  turns  per  minute,  or  48  per  cent. 
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TWISTKl)  SAILS. 


That  the  angle  of  weather  of  a  sail  should  be  greatest  at  the  end 
nearest  the  axle  and  least  at  its  outer  end  where  its  speed  is  compara- 
tively great,  seems  self-evident,  and  the  advantages  to  be  gained  by 
warping  or  twisting  the  sails  so  as  to  make  the  weather  angles  increase 
as  they  approach  the  center  have  always  been  recognieed,  at  least  in 
theory,  by  windmill  manufacturers,  although  comparatively  few  Ameri- 
can wind  wheels  are  made  with  such  sails.  Our  best  results,  as  shown 
in  the  table  on  page  59,  were  obtained  with  warped  sails,  but  it  does 
not  appear  from  previous  'experiments  that  the  warping  was  by  any 
means  the  most  important  feature  of  our  best  wheels. 

The  tables  on  pages  51  and  53  afford,  in  the  comparisons  of  wheels 
Nos.  34  and  43,  having  twisted  sails,  with  wheels  as  nearly  like  them 
as  possible  without  twisted  sails,  an  apparent  test  of  the  advantages 
gained  by  making  the  weather  angles  greater  at  the  inner  ends  of  the 
sails.    Judged  by  these  two  wheels  the  advantage  is  very  slight. 

We  are  now  satisfied  that  merely  twisting  the  sails  can  not  do  much 
good  for  the  reason  that  what  is  gained  in  this  way  by  better  disposi- 
tion of  the  forward  or  receiving  edges  of  the  sails  is  largely  lost  by  the 
consequent  less  advantageous  disposition  of  the  rear  edges  from  which 
the  wind  escapes. 

As  we  have  x>ointed  out  in  the  discussion  of  the  theory  of  the  wind- 
mill, the  rear  edge  of  a  sail  should  be  nearly  parallel  to  the  plane  of 
motion  without  regard  to  radial  distance,  while  the  forward  edge  should 
be  parallel  to  the  relative  direction  of  the  impinging  current  of  air, 
which  depends  on  radial  distance. 

This  theoretical  disposition  would  make  the  angles  of  weather  great- 
est where  the  sail  speed  is  least,  but  is  a  very  different  thing  from  the 
twisting  of  the  sails,  as  in  wheels  Nos.  34  and  43. 

Fig.  26,  on  page  61,  shows  a  sail  form  more  nearly  in  accord  with 
our  theory,  which  makes  not  only  the  angle  of  weather,  but  also  the 
curvature  of  the  sail,  greater  with  nearer  approach  to  the  center  of 
the  wheel. 

DRFLECTORS  IN  FRONT  OF   SAILS. 

In  our  discussion  of  the  theory  of  the  windmill  on  pages  71  and  72  we 
liave  called  attention  to  the  fact  that  our  formula  (E)  indicates  that  the 
efficiency  of  a  wind  wheel  might  be  increased  if  the  air  currents,  just 
T)efore  meeting  the  sails,  should  be  deflected  so  as  to  meet  the  plane  of 
motion  at  a  less  angle  than  90  degrees.  In  order  to  test  somewhat  this 
mathematical  suggestion,  the  experiments  recorded  in  the  table  on  page 
G4  were  made.  Only  a  single  deflector  was  used,  and  that  a  plane  sur- 
face. It  may  be  noticed  that  when  placed  in  front  of  wheel  No.  2  at  vari- 
ous angles  the  deflector  caused  some  increase  of  speed  in  every  instance, 
while  the  load  remaine^l  the  same.  But  when  placed  in  front  of  wheel 
;No.  49  its  effect  as  an  obstruction  overbalanced  its  value  as  a  deflector. 
IBB  20 6 
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It  did  not  appear  that  deflectors  woald  be  advantageous  in  front  of 
the  most  efficient  wheel,  nor  of  sufficient  value  in  connection  with  the 
wheel  of  relatively  low  efficiency  to  justify  the  expense  of  such  cum- 
bersome appliances,  ^'e  did  not,  therefore,  consider  it  worth  while  to 
experiment  further  with  deflectors. 

OBSTRUCTIONS  IN  FRONT  AND  IN  THX  RBAR  OF  WIND  WHEBL8. 

The  exi>eriments  recorded  on  page  65  we  were  prompted  to  make  on 
account  of  the  contention  by  certain  windmill  experts,  that  an  obstruc- 
tion behind  a  wind  wheel  caused  about  the  same  loss  of  power  as  if 
placed  in  front. 

Many  so-called  vaneless  windmills  had  their  supporting  masts,  or 
tower  tops,  in  front  of  the  wheels,  while  the  ordinary  mills  with  vanes 
had  their  supporting  masts  behind  the  wheels. 

The  obstructing  boards  described  under  the  table  on  page  65  were 
intended  to  represent  such  obstructions  as  would  be  representative  of 
supporting  masts  placed  as  indicated.  In  the  case  of  wheel  No.  2, 
unloaded,  the  obstruction  when  placed, in  front  caused  a  loss  of  speed 
amounting  to  a  little  more  than  3.5  per  cent,  and  when  placed  behind 
the  loss  amounted  to  a  little  over  3  per  cent 

In  the  case  of  wheel  No.  49,  loaded,  the  loss  of  speed  from  placing 
the  obstruction  in  front  amounted  to  nearly  14  per  cent,  and  the  loss  of 
speed  from  placing  the  obstruction  behind  was  nearly  7  per  cent. 

It  may  be  observed  that  3.5  pounds  is  less  than  the  best  load  for 
wheel  No.  49  (3.9  pounds),  but  it  should  be  borne  in  mind  that  with  all 
wheels  a  considerable  variation  in  the  load  made  but  little  difference 
with  the  product  when  near  the  maximum. 

It  might  have  been  profitable  if  we  had  extended  these  experiments. 
It  is  evident  that  obstructions  even  when  relegated  to  the  rear  are  not 
obliterated. 

MAXIMUM  PRODUCTS  IN  DIFFERENT  VELOCITIES  OF  WIND. 

The  table  on  page  66  indicates  that  maximum  products  vary  as  the 
cubes  of  the  velocities  of  wind  almost  as  exactly  in  fact  as  in  theory. 
If  there  had  been   an  exact  correspondence  between  the  results  of 

experiment  and  the  law  of  cubes,  the  figures  underf      j  would  exactly 

equal  those  opposite  under  j .  The  figures  under  - .  are  in  some 
instances  a  little  greater  and  sometimes  a  little  less  than  those  opposite 
under  (  -  )  ^  fts  indicated  by  the  plus  and  minus  signs  before  the 

difierences  given  under  -j  _  T- j .    The  plus  and  minus  signs  happen 

to  be  equal  in  number,  showing  a  remarkable  general  agreement  with 
the  law  of  cubes.    Again,  the  law  of  cubes  would  require  that  the 
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nambers  nnder  A  multiplied  by  T- j  should  eqaal  the  correspond- 
ing nambers  under  B.  How  nearly  the  law  was  actually  fulfilled  may 
be  seen  by  comparing  the  last  computed  column,  A  x  I-  )  ^  with  the 

real  products  of  column  B. 

STABTINO    FORCBS    AND    LOADS    AT    THB    MAXIMUM    IN    DIFFBRBNT    VELOCITIES    OF 

WIND. 

Under  the  second  table  on  page  66  we  find  the  conclusion  that  '^  start- 
ing forces  vary  as  the  squares  of  the  velocities  of  wind."    If  the  law  of 

squares  had  been  strictly  confirmed,  the  computed  ratios  under  T  -  j 

would  have  just  equaled  the  actual  ratios  of  experiment  as  given 
under  -^  •    The  agreement  is  quite  close,  but  the  numbers  in  column 

.a. 

-y  are  more  often  greater  than  the  corresponding  numbers  in  column 

[-)  •    So  it  appears  that  starting  forces  really  increase  in  at  least  as 

great  a  ratio  as  would  conform  to  the  law  of  squares.  But,  as  we 
have  explained  before,  it  should  be  remembered  that  what  we  have 
called  starting  forces  could  neither  be  defined  nor  determined  with  the 
same  accuracy  as  «wa8  attainable  in  the  case  of  maximum  products. 
Nor  could  the  loads  corresponding  to  maximum  products  be  determined 
so  accurately  as  the  maximum  products  themselves,  since  two  or  three 
different  loads  would  generally  give  about  the  same  product  when  tlie 
product  was  near  the  maximum.  This  fact  made  it  all  the  more  easy 
to  ascertain  the  maximum  products  correctly,  since  a  little  variation 
from  the  best  load  was  compensated  for  by  the  consequent  variation  in 
the  si>eed  of  the  wheel. 

The  table  on  page  77  shows,  on  the  whole,  a  fairly  constant  ratio 
between  loads  at  the  maximum  and  starting  forces,  from  which  we  may 
draw  the  conclusion  that  loads  at  the  maximum  vary  as  the  squares  of 
the  velocities  of  wind. 

SPEEDS  OF   UNLOADED  WHEELS  IN  DIFFERENT  VELOCITIES  OF   WIND. 

b  B 

•In  the  table  on  page  67  an  inspection  of  columns  -  and  ^  will  show 

that  in  every  case  but  two  the  counted  turns  of  the  unloaded  wheel  in 
the  higher  wind  exceeds  somewhat  the  number  of  turns  computed  on 
the  supposition  that  the  speed  of  an  unloaded  wheel  should  vary 
directly  as  the  velocity  of  wind.  The  two  exceptional  cases  may  be 
accounted  for.  We  attribute  this  variation  from  the  natural  law  in  part 
to  the  fact,  previously  discussed,  that  the  axial  friction  diminishes  as  the 
speed  increases.  Strictly  speaking,  the  wheels,  on  account  of  unavoid- 
able friction  at  the  axle,  could  not  be  entirely  unloaded. 
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ACTION  OF  AIB  ON  THE  SAILS  OF  A  WIND  WHEEL. 

lu  fig.  31,  AB,  AB  are  supposed  to  represent  cross  sections  of  two 
sails,  one  following  the  other  as  in  a  wind  wheel.  DE  represents  the 
direction  and  velocity  of  the  wind  with  respect  to  the  earth*  AB  repre- 
sents the  direction  and  velocity  of  the  sail  sections,  at  right  angles  to 
DE.  Then  DA  represents  the  relative  direction  of  wind  with  respect 
to  the  sails  in  motion,  and  the  front  faces  AA  of  the  sails  are  set  parallel 
to  DA.  The  rear  faces  of  the  sails  6  are  set  parallel  to  the  plane  of 
the  wheel's  motion,  according  to  correct  theory. 

As  one  sail  necessarily  follows  another  iu  a  wind  wheel,  the  air  can 


Fiu  31. — Action  of  air  on  the  Bails  of  a  wind  wheel. 

not  escape  in  a  direction  exactly  opposite  to  the  saiPs  motion,  and  as 
the  space  between  sails  unavoidably  contracts  toward  the  rear  edges 
these  edges  may  in  practice  conform  in  some  measure  to  the  best  pos- 
sible direction  of  escape  instead  of  being  strictly  parallel  to  the  plane 
of  the  wheel.  The  placing  of  arms  on  the  backs  of  or  between  the  sails 
would  render  a  necessary  evil  worse  on  account  of  further  contraction 
of  space.  Besides,  it  should  be  noted  that  the  backs  of  the  sails,  as  well 
as  their  faces,  play  an  important  part  in  deflecting  the  wind.  For  it  is 
a  well-known  fact  that  air  currents  cling  to  and  follow  the  surfaces 
along  which  they  flow.  Therefore,  the  backs  of  the  sails  should  be 
smooth  and  free  from  obstructions.  It  is  evident  that  all  the  air  x^ass- 
ing  between  tl^e  sails  is  deflected  and  not  merely  that  portion  whicti 
comes  immediately  in  contact  with  the  faces  of  the  sails.  The  arrows 
and  dotted  lines  in  the  figure  indicate  the  relative  direction  and  deflec- 
tion of  air  as  it  flows  through  the  wheel. 

THKORKTICAL  EFFICIENCY  OF  THE   WIND   WHEEL. 

Our  general  formulae  and  deductions  previously  given  under  theory 
of  the  windmill  are  presented  just  as  tliey  were  originally  recorded 
near  the  beginning  of  the  year  1882.     We  now  see  no  reason  for  alter- 
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ing  them  in  any  respect,  but  there  has  been  so  roach  confusion  among 
mathematical  writers  on  wind  action,  that  we  wish  to  make  the  matter 
perfectly  clear  in  its  essential  points. 

It  is  not  necessary  to  resort  to  the  calculus,  nor  even  to  produce  the 
general  formulsB  (A)  and  (B)  in  order  to  arrive  at  the  theoretical  effi- 
ciency of  a  wind  wheel.  A  very  simple,  graphical  solution  may  be 
shown  as  follows:  In  figs.  32  to  35,  AB  represents  the  direction  and 
velocity  of  the  wind  with  respect  to  the  earth ;  AC  represents  the  direc- 
tion and  velocity  of  the  sail,  a  section  of  which  is  represented  by  the 
curved  line  OD;  the  velocity  of  wind  AB  is  the  same  for  each  of  the 
four  cases;  and  the  several  sail  sections  are  supposed  to  be  taken  at 
the  extremity  of  a  sail  in  fig.  32,  at  a  distance  from  the  center  of  the 
wheel  equal  to  two-thirds  the  radius  in  fig.  33,  at  ouethird  the  radial 
distance  in  fig.  34,  and  at  one-sixth  in  Ug.  35.     We  have  assumed  that 
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FiOH.  32-35.— Theorttical  effioloDoy  of  the  windmill. 
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the  outer  extremity  of  the  sail  travels  three'times  as  fast  as  the  wind. 
That  is  to  say^ 

AC  =  3  X  AB  in  fig.  32, 

AC  =  2  X  AB  in  fig.  33, 

AO  =  1  X  AB  in  fig.  34, 

AO  =  i  X  AB  in  fig.  35. 

GB  represents  the  relative  direction  and  velocity  of  the  wind  with 
respect  to  the  sail  in  each  case.  Neglecting  friction,  the  relative  veloc- 
ity of  the  wind  is  not  changed  by  contact  with  the  sail.  The  air  escapes 
from  the  sail  at  D  with  the  same  relative  velocity  it  had  at  G ;  bat  its 
course  is  changed  so  that  it  escapes  in  a  direction  parallel  and  opposite 
to  that  of  the  sail's  motion.  Now,  since  the  sail  is  traveling  with  an 
actual  velocity  AG  in  one  direction  while  the  air  is  escaping  with  a  rel- 
ative velocity  CB  in  the  opposite  direction,  the  difference  between  OB 
and  AG  =  BK  will  represent  the  actual  velocity  of  the  air  after  it  has 
escaped  from  the  sail.  The  remnant  of  velocity  BK  is  all  there  is  left 
of  the  wind's  original  motion.  The  sail  has  absorbed  the  rest  and  con- 
verted into  work  a  corresponding  amount  of  energy.  A  certain  quan- 
tity of  wind  started  with  a  velocity  AB  and  gave  up  all  its  energy 
except  that  corresponding  to  a  velocity  BK. 

Now,  the  potential  energy  of  the  same  quantity  of  air  in  motion 
varies  as  the  square  of  its  velocity,  as  in  the  case  of  any  other  sub- 
stance. Hence  a  square  constructed  on  AB  and  another  square  con- 
structed on  BK  will  represent  relatively  the  original  potential  energy 
of  the  wind  and  the  energy  it  still  retains  after  encountering  the  sail. 
These  squares  are  shown  in  the  figures.  The  small  squares  represent 
the  waste  of  energy  or  that  not  consumed  by  the  sail.  The  relative 
areas  of  these  squares  may  be  readily  computed.  Taking  the  large 
squares  as  unity  the  small  square  equals  0.026  in  fig.  32, 0.056  in  fig.  33, 
0.172  in  fig.  34,  and  0.382  in  fig.  35.  The  efficiency  is  represented  by 
the  difference  between  the  squares;  thus,  the  efficiency  in  fig.  32  is 
0.974;  in  fig.  33,  0.944;  in  fig.  34,  0.828,  and  in  fig.  35,  0.618. 

The  small  squares  correspond  to  the  letter  Ic  in  the  formula  (B)  on 
page  71.  Gompare  these  efficiencies  with  the  values  of  1 — X;  as  origi- 
nally obtained  by  a  very  different  process.  There  would  have  been  no 
difference  if  the  decimals  had  been  equally  carried  out  in  both  cases. 

The  potential  energy  of  the  wind,  as  well  as  the  useful  work  result- 
ing from  its  action  on  a  sail,  varies  as  the  cube  of  its  velocity,  because 
the  quantity  of  air  coming  in  contact  with  the  sail  increases  or  dimin- 
ishes with  the  change  of  velocity  in  the  same  proportion.  It  is  only 
when  we  consider  the  result  of  a  fixed  quantity  cff  air  in  motion,  that 
its  energy  varies  as  the  square  of  velocity  and  may  be  represented  by 
square  areas  as  illustrated  above. 
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The  work  of  the  same  quantity  of  air  varies  as  the  square  of  velocity, 
because  its  resultant  reaction  against  the  sail  varies  directly  as  the 
velocity  and  the  sail  also  travels  with  the  same  proportional  velocity. 
If,  for  instance,  1  pound  of  air,  acting  on  a  sail,  has  its  velocity  doubled, 
the  sail  travels  with  double  velocity  under  doubled  pressure,  so  that 
the  work  is  increased  fourfold;  and,  as  in  reality  the  doubling  of  veloc- 
ity would  cause  2  pounds  of  natural  wind  to  meet  the  sail  in  the  same 
time,  the  result  is  doubled  again,  making  it  eightfold  in  theory  as  well 
as  in  practice. 

THEORETICAL  USEFITL  EFFORT  OF  WIND. 

In  the  figs.  30  to  39,  let  AB  represent  the  direction  and  velocity  of 
wind  with  respect  to  the  earth.  In  fig.  36  let  AG  =  3  AB  represent 
the  direction  and  velocity  of  the  outer  extremity  of  a  wind  wheel;  in 
fig.  37  at  two- thirds  of  the  radius  from  center,  AO  =  2  AB;  in  fig.  38 
at  one-third  the  radius  from  center,  AG  =  AB,  and  in  fig.  39  at  one- 
sixth  the  radius,  AG  =  ^  AB.  The  circular  arc  GD  in  each  figure 
represents  correctly  what  the  cross  section  of  the  sail  at  each  point 
should  be  according  to  theory.  To  make  the  calculation  simple  and 
specific,  we  will  consider  the  action  of  1  pound  of  air  only,  and  that 
moving  at  an  original  velocity  of  32.2  feet  per  second. 

We  take  this  particular  velocity  because  it  requires  the  constant 
action  of  a  1-pound  force  to  give  to  1  pound  of  air,  or  to  1  pound 
of  any  substance,  a  velocity  of  32.2  feet  per  second. 

To  give  other  velocities  to  the  1  pound  of  air,  requires  the  imx>elling 
action  of  a  force  proportional  to  the  velocity  imparted  in  a  second  of 
time.    That  is  to  say,  the  force  required  to  impart  to  1  pound  of  air 

V 

any  velocity,  t?,  is  represented  in  pounds  by  iy^^^y 
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Fig.  36. 
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Fig.  87. 
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Fig.  38. 

Fins.  86-39.— Theoretical  unefal  effort  of  wind. 


Fig.  89. 


The  sail  of  a  wind  wheel  moves  at  right  angles  to  the  direction  of 
wind  or  in  the  direction  AO,  but  the  wind  meets  the  sail  in  motion  in 
the  relative  direction  and  with  tlie  relative  velocity  CB,  and  has  with 
reference  to  the  sail,  dne  to  the  sail's  motion,  an  opposite  motion  equal 
to  GA  in  the  direction  0  to  A  in  addition  to  its  original  motion.  The 
length  of  the  line  GB  represents  the  velocity  with  which  the  air  flows 
along  the  surface  of  the  sail  with  undiminished  relative  velocity, 
neglecting  friction,  and  the  difference  between  GB  and  GA,  or  BK, 
represents  the  relative  velocity  acquired  in  a  second  by  the  air  in  a 
direction  parallel  to  GA.  That  is  to  say,  by  action,  against  the  sail 
during  one  second,  the  1  pound  of  air  has  acquired  a  relative  velocity 
BK  in  a  direction  parallel  to  G  A,  in  addition  to  the  relative  velocity 
G  A  which  it  had  before  meeting  the  sail.  This  newly  acquired  relative 
velocity  BK  required  for  its  generation  a  force  reacting  between  the 
sail  and  the  air  proportional  to  the  acceleration  of  velocity.  If  BK 
were  equal  to  32.2  feet,  the  reaction  would  be  1  pound.  But  the  reac- 
tion is  less  than  1  pound  in  the  same  ratio  that  BK  is  less  than  AB, 
which  we  assumed  tx>  be  32.2  feet. 

AB:BK::  1  pound:  IJseAiI  effort  of  wind. 

BK 
So  -Aj^  represents  the  ratio  between^  original  wind  pressure  in  the 
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direct iou  of  its  original  motion  and  the  nsefal  effort  which  pushes  the 
sail  in  the  direction  of  its  motion.  If  we  lay  off  on  .BA  prolonged 
AH=BK  and  complete  the  rectangles  AOJH,  the  areas  of  the  fonr 
rectangles  in  flgs.  36  to39y  will  represent  relatively  the  work  theoretically 
performed  in  each  case.  The  effort  AH  may  be  readily  computed.  For 
the  action  of  1  pound  of  air,  at  velocity  of  32.2  feet  per  second,  we  find 
that  the  useful  effort  is  0.162  pound  when  the  sail  moves  3  times  as 
fast  as  the  wind,  0.236  pound  when  the  sail  moves  twice  as  fast  as  the 
wind,  0.414  pound  when  the  sail  moves  as  fast  as  the  wind,  and  0.G18 
•  pound  when  the  sail  moves  one-half  as  fast  as  the  wind. 

AERIAL  RESISTANCE  TO  MOTION. 

It  should  be  noted  that  by  far  the  most  striking  and  important  results 
of  our  experiments  with  wind  wheels  were  produced  by  cutting  out 
from  between  the  sails  obstructions  which  produced  aerial  resistance  to 
motion;  and  it  should  be  profitable  to  study  the  causes  which  make 
these  aerial  obstructions  apparently  a  matter  of  greater  moment  than 
all  the  other  features  of  our  investigation. 

In  the  two  preceding  articles  we  have  shown  that  the  greater  the  sail 
velocities,  theoretically  the  higher  the  efficiencies,  and  also  that  the 
useful  ^orts  become  smaller  as  the  sail  velocities  increase. 

When  the  sail  travels  three  times  as  fast  as  the  wind,  the  theoretical 
efficiency  is  0.974,  very  close  to  perfection;  but  for  a  wind  velocity  of 
32.2  feet  per  second,  each  pound  of  air  gives  a  usefiil  effort  of  only  0.162 
pound.  It  is  evident  at  once  that  while  high  sail  velocity  seems  desir- 
able, it  does  not  require  great  aerial  resistance  to  counteract  a  large 
percentage  of  the  useful  effort.  When  the  sail  travels  three  times  as 
fast  as  the  the  wind,  a  flat  resisting  surface  of  about  1  square  inch  set 
I>erpendicular  to  the  direction  of  motion  would  counteract  entirely  the 
useful  effort  due  to  the  action  of  1  pound  of  air.  This  is  computed  as 
follows: 

At  a  velocity  of  32.2  feet  per  second,  1  pound  of  air  per  second  under 
ordinary  conditions  represents  a  stream  of  about  59  square  inches  area 
in  cross  section;  from  which  it  follows  that  59  square  inches  of  flat  sur- 
face carried  normally  against  still  air  at  the  rate  of  32.2  feet  per  second 
meets  with  a  resistance  equal  to  1  pound,  and  at  a  velocity  three  times 
as  great  meets  with  a  resistance  of  9  pounds.  But  the  total  useful 
effort  in  this  case  is  only  0.162  x>ound. 

Therefore  we  obtain -F= ^ =1.062  squareinches=flatresist- 

ing  surface  required  completely  to  neutralize  all  useful  effort  of  wind 
whose  normal  pressure  against  59  square  inches  of  flat  surface  equals  1 
pound.  In  like  manner  we  find  that  F  equals  3.418  square  inches  where 
the  sail  velocity  is  twice  the  wind  velocity,  24.426  square  inches  where 
the  sail  velocity  equals  the  wind  velocity,  and  145.848  square  inches 
where  the  sail  velocity  is  one  half  the  wind  velocity. 
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Or  if  we  let  /  be  the  percentage  of  wind  area  represented  by  F^  we 
find  that  /=  0.018  when  sail  velocity  is  three  times  wind  velocity,  0.059 
when  sail  velocity  is  twice  the  wind  velocityi  0.414  when  sail  velocity  is 
equal  to  wind  velocity,  and  2.472  when  sail  velocity  is  one-half  wind 
velocity. 

These  x>6roentages  hold  good  for  all  velocities  of  wind  and  emphasize 
the  necessity  of  reducing  to  the  utmost  aerial  resistances  to  motion,  if 
we  are  to  attain  high  efficiency  in  a  wind  wheel. 


BEST  NUMBER  OF   SAILS. 


An  inspection  of  the  table  on  page  65  shows  that  wheel  No.  35  was 
more  than  3  per  cent  better  than  wheel  No.  19,  although  the  amounts  of 
sail  surface  and  the  angles  of  weather  were  the  same  in  both.  Wheel 
No.  35  had  exactly  the  same  sails  as  No.  19,  except  that  each  sail  of  No. 
35  contained  two  of  No.  19  placed  edge  to  edge,  making  12  broad  sails 
instead  of  24  narrow  ones.  By  simply  changing  the  angle  of  weather 
from  27.5  degrees  to  25. degrees,  we  made  No.  35  into  No.  36  and  thus 
gained  nearly  6  per  cent  over  No.  19.  The  wide  sails  did  better  with 
less  angle  of  weather.  Wheel  No.  6,  with  the  same  number  of  sails  as 
No.  19  but  narrower,  required  a  greater  angle  of  weather,  30  degrees. 

It  is  apparent  that  for  a  given  total  of  sail  area  it  is  better  to 
divide  the  surface  between  fewer  sails.  It  may  be  noted  that  wheel 
No.  48,  with  six  sails,  gave,  in  proportion  to  total  sail  area,  nearly 
two  and  a  half  times  the  efficiency  of  No.  2  with  60  sails.  Keducing 
the  number  of  sails  reduces  the  aerial  resistance  to  motion  due  to  the 
number  of  edges,  and  leaves  relatively  freer  interstices  for  the  flow  of 
air  between  the  sails. 


BEST  KBLATIVE   AREAS  OF  SAIL  SURFACE. 


Tables  on  pages  47  and  49  give  the  following  results  for  wheels  Nos. 
19,  24,  and  29: 

Effect  of  area  of  sail  surface  on  efficiency. 


No.  19. 

No.  24. 

No.  29. 

1 

Square  feet  of  sail  surface 

12.937 
1.204 

15.000 
1.212 

17.016 
1.201 

Ratio  of  mazimiiin  products  (a) 

a  Compared  with  wheel  No.  2. 

These  three  wheels  were  nearly  of  the  same  efficiency.  As  compared 
with  the  area  of  the  zone  containing  the  sails,  Ko.  19  was  about  three- 
fourths  fully  "So.  24  was  about  seven-eighths  full,  and  TSo.  29  was  what 
we  call  fiiUy  as  the  total  area  of  the  sails  about  equaled  the  area  of 
the  zone  containing  them.  These  wheels  all  contained  the  same  num- 
ber of  sails  set  at  the  same  angle,  and  differed  only  in  width  of  the 
sails.  It  is  clear  that  nothing  was  gained  by  making  the  total  sail 
area  more  than  seven-eighths  of  the  zone,  and  that  very  little  was 
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gained  by  filling  beyond  three  fourths  of  the  zone — snrely  not  enough 
to  pay  for  the  extra  material. 

From  the  table  on  page  65  we  obtain  the  relative  values  of  these 
three  wheels  per  square  foot  of  sail  surface,  viz,  for  No.  19,  0.0931;  for 
Ko.  24,  0.0808;  and  for  ISo.  29,  0.0706.  Notice  also  the  relative  values 
I>er  square  foot  of  sail  surface  as  given  for  other  wheels  in  this  table. 

ACTUAI.  EFFICISMCY  OF  THB  WIND  WHSKL. 

To  obtain  the  actual  efficiency  of  wind  wheel  No.  2,  taking  the  result 
recorded  in  the  table  on  page  27,  we  first  obtain  the  maximum  work 
performed  by  multiplying  the  maximum  product  by  the  circumference 
of  a  circle  whose  diameter  is  2  feet.  (See  note  under  the  table  on 
page  28.) 

62.463  =  maximum  product  in  the  table. 
6.283  feet  =  circumference  of  circle  2  feet  in  diameter. 
62.463  X  6.283  =  392.455  foot-pounds  per  minute  =  work  of  wind 

wheel  No.  2  at  maximum. 
The  potential  energy  of  the  wind  is  expressed  by  the  well-known 

formula  -^—  =  J^  X  ^  in  which  we  make  Tr=  weight  of  air  inter- 

cepted  per  second  by  the  total  area  of  the  wind  wheel,  v  =  velocity 
of  wind  in  feet  per  second,  and  ^ =32.2,  the  velocity  acquired  each  sec- 
ond by  a  body  whose  motion  is  not  resisted  when  impelled  by  a  con 
stant  force  equal  to  its  own  weight.  The  temperature  as  recorded 
was  50^  F.,  and  on  the  same  day  at  2  p.  m.,  in  Ohicago,  the  barometer 
stood  at  28.983.  Hence  0.075  pound  may  be  taken  as  the  weight  of 
1  cubic  foot  of  air,  19.635  square  feet  as  the  total  area  of  the  wheel 
which  was  5  feet  in  diameter,  and  12.286  feet  x>er  second,  or  8.403  mUes 
per  hour,  as  the  velocity  of  wind.    Thus,  Tr=  19.635  x  12.286  x  0.075 

=  18.093  pounds  per  second,  t?>  =  150.946,  and  ^'=  ^^-^-^}^^^^ 

2  ^  2  X  32.2 

=  42.4078  foot-pounds  i)er  second,  or  2544.468  foot-pounds  per  minute. 

The  portion  of  actual  energy  of  wind  utilized  by  wind  wheel  No.  2, 

*  392.455 

or  its  efficiency,  is  accordingly  0544403  =  0.154  +. 

To  obtain  the  efficiency  of  any  other  wind  wheel  whose  maximum 
product  is  directly  compared  with  maximum  product  of  wheel  No.  2  as 
shown  in  the  tables  of  later  date  than  March  13, 1883,  it  is  only  neces- 
sary to  multiply  0.154,  the  efficiency  of  wheel  No.  2,  by  the  ratio  of 
products  obtainable  from  the  various  tables. 

For  example,  in  the  table  on  page  59  we  find  1.872  given  as  the  ratio  of 
maximum  products  for  wheels  No.  48  and  No.  2.  Hence,  0.154  x  1.872 
=  0.288  is  the  efficiency  of  wheel  No.  48.  This  is  the  highest  efficiency 
attained  by  any  of  the  wheels  whose  products  are  recorded  in  the  pre- 
ceding tables. 
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WORK  OF  VABIABLE  WIND  WITH  VARIABLE  LOAD. 

In  most  localities  the  velocity  of  the  wind  is  exceedingly  variable. 
The  average  of  velocity  recorded  for  an  hoar  by  an  anemometer  gives 
no  idea  of  the  total  actual  energy  of  the  wind. 

It  might  in  conception  be  actually  of  uniform  velocity,  but  where  the 
average  velocity  is  10  miles  per  hour  it  is  quite  as  likely  to  blow  one- 
half  the  time  at  the  rate  of  20  miles  and  during  the  other  half  not  at 
all.  The  potential  energy  of  20-mile  wind  for  half  an  hour  is  four  times 
as  great  as  that  of  a  uniform  10-mile  wind  for  a  whole  hour,  although 
the  average  velocity  per  hour  in  each  case  is  the  same. 

This  is  taking  an  extreme  case,  but  it  shows  how  the  wind  as  it 
blows  may  and  does  develop  much  more  energy  than  could  be  derived 
from  uniform  wind  of  equal  velocity  as  usually  recorded.  It  would  be 
desirable,  if  possible,  to  have  the  load  applied  to  a  wind  wheel  vary  as 
the  square  of  the  velocity  of  wind,  in  order  that  the  work  might  be 
the  greatest  possible.  Any  fixed  load  which  allows  the  wheel  to  run 
freely  most  of  the  time  is  generally  altogether  too  small  during  much  of 
the  time  as  well  as  too  great  at  other  times.  For  most  uses  to  which 
wind  wheels  are  especially  adapted  an  automatic  regulation  of  the  load 
to  meet  the  varying  wind  would  make  the  best  form  of  wind  wheel 
regulation. 

RBOI7LATION  OF  WIND  WHBRLS.     0 

Ordinarily  wind  wheels  in  this  country  are  made  to  regulate  them- 
selves automatically,  so  that  they  can  not  attain  a  very  rapid  rate  of 
rotation.  This  practice  of  not  allowing  the  wheel  to  run  at  more  than 
a  very  moderate  speed  is  due  to  the  fact  that  our  wind  wheels  have 
been  developed  mostly  in  connection  with  the  operation  of  common 
reciprocating  pumps  attached  directly  to  a  crank  on  the  shaft  of  the 
wheel.  Such  direct  connection  necessitates  a  slow  motion  of  the  wheel^ 
in  order  that  the  piston  speed  of  the  pump  may  not  exceed  its  econom- 
ical limit.  The  consequence  is  that  many  wind  wheels  are  allowed  to 
do  only  a  small  part  of  the  work  which  they  are  capable  of  46veloping. 
Too  much  attention  has  been  paid  to  restraining  automatically  the 
speed  of  wind  wheels  by  means  which  involve  a  waste  of  power.  So 
far  as  the  safety  of  the  wheel  itself  is  concei^ned  there  should  be  no 
need  of  restraining  its  speed  in  any  wind  under  40  miles  per  hour;  and 
it  should  be  borne  in  mind  that  strains  on  the  wheel,  due  to  any  given 
amount  of  work,  may  be  diminished  in  the  same  ratio  that  the  speed  of 
the  wheel  is  increased. 

The  gearing  of  a  wind  wheel,  whether  it  is  geared  up  or  down,  should 
be  made  to  suit  the  work  and  the  nature  of  the  device  through  which 
the  power  of  the  wheel  is  applied  to  use.  When  the  machine  driven 
requires  a  high  speed  of  revolution,  much  gearing  up  may  be  avoided 
if  the  wind  wheel  is  allowed  to  revolve  rapidly.  Back  gearing  for  slow 
ruuuiug  machines  should  be  resorted  to  whenever  a  direct  connection 
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with  the  machine  to  be  driven  will  not  allow  the  driven  mechanism 
aDd  the  wind  wheel  both  to  have  their  best  speeds  with  reference  to 
work  and  wind. 

For  any  given  velocity  of  wind  the  speed  of  tlie  wind  wheel  shonTd 
not  change^  no  matter  what  the  nature  of  the  work  or  of  the  machine 
through  which  work  is  performed;  but  the  gearing  should  be  such  a« 
to  suit  the  load  to  the  wind. 

LIMITATION  TO   81ZB  OF  WIND  WHEELS  ON   ACCOUNT  OF  WEIGHT. 

Probably  in  no  other  form  of  motor  does  a  gain  in  efficiency  effect  so 
great  a  saving  in  weight  as  in  the  wind  wheel.  The  streugth  of  other 
motors  needs  to  be  proportional  to  their  own  power.  A  4-horsepower 
steam  engine  for  instance  does  not  need  to  weigh  more  than  four 
times  as  much  as  a  1-horsepower  engine,  as  the  strains  to  which  it 
is  subjected  are  only  four  times  as  great.  But  a  4-horsepower  wind 
wheel  needs  to  be  eight  times  as  heavy  as  a  1-horsepower  wheel  in 
order  to  resist  equally  well  the  violence  of  exceptional  storms.  It  is 
the  strains  of  storms,  and  not  its  own  working  strains,  that  determine 
the  required  strength  of  a  wind  wheel. 

Consider  a  single  sail  A  supported  on  the  end  of  an  arm  fastened  to 
a  central  spider.  Let  L  =  length  of  the  arm  from  center  of  wind  pres- 
sure on  sail  to  point  of  attachment  to  spider.  If  the  wind  wheel  is 
doubled  in  diameter,  keeping  the  same  proportions,  L  will  be  doubled 
and  the  area  of  A  will  be  four  times  as  great.  Hence  the  arm  needs  to 
resist  four  times  the  wind  pressure  acting  at  double  the  former  distance 
out  from  its  point  of  attachment,  and  needs  to  have  eight  times  its 
former  strength.  This  eightfold  strength  is  secured  by  doubling  all 
lineal  dimensions,  as  evidently  should  be  done,  when  the  diameter  of  a 
wind  wheel  is  doubled. 

But  the  doubling  of  all  lineal  dimensions  makes  the  wheel  weigh 
eight  times  as  much,  and  as  its  area  is  only  four  times  as  great,  it 
follows  that,  in  proportion  to  its  power,  the  weight  of  the  wheel  is 
doubled. 

As  actually  made,  all  the  dimensions  of  large  vand  mills  do  not  con- 
form strictly  to  the  proportions  of  small  mills,  and  often  the  large 
wheels  are  built  after  different  models  from  small  ones.  But  it  is  well- 
known  that  the  large  wheels  as  built  do  not  resist  storms  so  well  as 
small  ones,  and  costly  experience  has  taught  manufacturers  to  make  the 
weight  of  their  large  wheels  at  least  approximately  what  calculation 
requires. 

On  account  of  the  disproportionate  weight  of  large  wind  wheels,  the 
towers  which  support  them  also  have  to  be  made  considerably  heavier 
than  would  be  the  case  if  the  large  wheels  required  no  more  material 
in  proportion  to  power  than  do  small  wheels.  If  the  tower  for  a  large 
wind  wheel  were  of  correspondingly  greater  height,  the  weights  of  towers 
would  follow  the  same  law  that  should  control  the  weights  of  wheels. 

It  is  evident  that  small  wind  wheels  are  more  efficient  in  proportion 
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to  weight  than  large  ones,  and  that  the  cost  of  constr action,  as  the 
wheels  are  made  larger,  is  increased  in  much  greater  proportion  than 
the  gain  in  power. 

EFFICIENCY  OF  WIND  WHEELS  AS  AFFECTED  BY  DIAMETER. 

Another  reason  why  small  wind  wheels  are  more  efficient  than  large 
ones  is  that  the  wind  meets  all  parts  of  the  area  of  a  small  wheel  with 
greater  uniformity  of  velocity.  It  needs  no  special  acnteness  of  obser- 
vation to  discover  that  the  wind  strikes  different  portions  of  large 
wheels  with  great  unevenness  of  velocity. 

Before  commencing  the  experiments  here  recorded  we  attempted  to 
measure  the  power  of  a  wind  wheel  22  feet  in  diameter  in  natural  wind. 
By  way  of  preparation  we  made  a  special  anemometer,  which  indicated 
at  sight  the  velocity  of  wind.  We  placed  the  anemometer  as  near  to 
the  wind  wheel  as  possible,  expecting  to  be  able  to  note  where  its 
pointer  stood  and  know  the  wind  velocity  for  a  minute  of  time,  during 
which  the  revolutions  of  the  wheel  carrying  a  known  load  might  be 
counted.  The  first  thing  we  learned  was  that  the  anemometer  never 
pointed  steadily  to  any  uniform  velocity  of  wind  even  for  one- fourth 
of  a  minute,  and  we  next  observed  that  the  anemometer  would  some- 
times almost  stop  running  when  the  wind  wheel  showed  an  extra  spurt 
of  speed;  also  the  wind  wheel  would  slow  down  while  the  speed  of  the 
anemometer  was  accelerated.  We  could  often  hear  the  wind  whistling 
through  the  sails  on  the  opposite  side  of  the  wind  wheel,  while  very 
little  wind  was  felt  on  the  near  side  close  to  the  anemometer.'  We  were 
unable  to  obtain  a  single  measurement  which  we  considered  worth 
preservation.  We  could  not  determine  even  the  best  load  for  any 
wind,  to  say  nothing  about  comparative  results.  We  do  not  doubt 
that  localities  might  be  found  where  the  wind  would  blow  with  greater 
uniformity,  but  our  exx>erience  in  trying  to  measure  the  power  of 
wind  wheels  in  natural  wind  led  us  to  provide  for  artificial  wind  before 
proceeding  further.  The  slight  variations  in  the  best  artificial  wind 
we  could  command  caused  a  great  abundance  of  vexations,  which 
made  the  obtaining  of  accurate  average  results  a  matter  of  tedious 
labor. 

HEIGHT  OF  TOWERS. 

Nothing  like  steady  wind  can  be  obtained  near  the  ground  in  an 
inhabited  country.  Buildings,  trees,  and  other  obstructions  set  the 
wind  to  whirling  and  cause  it  to  flow  in  sinjious  streams  of  very  uneven 
velocity,  concentrated  in  one  place  at  the  expense  of  another. 

There  is  no  effective  remedy  except  in  the  elevation  of  the  wind 
wheels  several  feet  at  least  above  all  obstructions,  even  if  the  obstruc- 
tions are  isolated  and  a  thousand  feet  away.  In  order  that  a  large 
wind  wheel  may  be  as  efficient  in  proportion  to  its  area  as  a  small 
wheel,  its  height  above  the  ground  must  be  greater.  So  it  is  probably 
not  far  out  of  the  way  to  say  that  the  weights  of  the  towers  as  well  as 
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the  weights  of  the  wind  wheels,  for  eqaal  safety  and  efficiency,  should 
he  nearly  proportional  to  the  cubes  of  the  diameters  of  the  wheels. 

MULTIPLICATION   OF   WIND   POWER. 

We  have  shown  that  for  equal  safety  in  storms  the  weights  of  wind 
wheels  of  different  sizes  and  like  forms  should  be  proportioned  to  the 
cubes  of  their  diameters.  It  would  require  four  12-foot  wheels  to  equal 
the  area  and  power  of  one  24- foot  wheel,  if  the  larger  wheel  is  propor- 
tionately elevated.  But  the  weight  of  the  one  24-foot  wheel  would  be 
twice  as  great  as  the  combined  weight  of  the  four  12-foot  wheels,  and 
the  weight  of  the  one  higher  tower  would  probably  be  twice  that  of 
the  four  shorter  towers  combined.  Hence  it  would  seem  that  in  pro- 
portion to  the  power  obtained  in  each  case,  the  one  24-foot  wheel  would 
cost  twice  as  much  in  material.  The  thought  naturally  presents  itself 
that  the  four  12-foot  wheels  ought  in  some  way  to  be  combined  so  as  to 
act  in  unison  for  concentrating  a  great  amount  of  power  where  it  is 
desirable  to  use  the  power  at  only  one  point,  sa  in  driving  one  machine 
of  large  dimensions.  If  the  four  wheels  were  coupled  together  rigidly 
the  trouble  from  uneven  reception  of  wind  which  is  experienced  in 
large  wheels  would  be  augmented.  The  problem  has  not  been  worked 
out,  but  we  may  imagine  a  number  of  wind  wheels,  each  compressing 
air  according  to  its  own  ability  and  delivering  it  at  any  distance  into  a 
common  reservoir.  Natural  elevations  would  be  selected  as  locations 
for  windmills,  and  such  a  plant  could  not  be  rendered  useless  for  the 
time  by  an  accident  to  one  or  two  of  the  wind  wheels.  There  would 
necessarily  be  considerable  loss  in  compressing  air,  but  a  low-pressure 
system  might  be  devised  that  would  greatly  reduce  the  waste.  Some 
waste  of  power  attends  every  mode  of  transmission.  In  seeking  to 
make  a  gain  in  power  of  100  per  cent  in  proportion  to  cost  of  plant, 
the  loss  of  an  extra  25  per  cent  in  transmission  might  well  be  tolerated. 

There  may,  however,  be  other  and  better  methods  for  accomplishing 
the  object  in  view  than  by  the  means  we  have  ventured  to  suggest. 

POWER  OF  TWELVK-FOOT  WIND  WHEEL. 

The  maximum  prcxluct  of  our  best  experimental  wheel,  No.  48,  is  given 
as  247.123  in  the  table  on  page  59,  and  the  velocity  of  wind  as  10.935 
miles  per  hour. 

The  constant  6.283  multiplied  by  products  gives  the  foot-pounds  of 
work  per  minute.  Hence  247.123  x  6.283  =  1552.674  foot-pounds  =  work 
per  minute  of  No.  48  in  wind  of  10.935  miles  per  hour. 

The  work  of  5-mile  wind  compared  with  the  work  of  10.935-mile  wind 

is  (  ^QQQg  ]  or  .0956.    Hence,  the  work  of  No.  48  is,  in  5-mile  wind, 

1552.674  X  .0956  or  148.345  foot-pounds.    The  work  of  a  12-foot  wheel 

(12  \^ 
g-  J  or  854.467  foot-pounds,  which  is  equal 

to  0.0259  horsepower. 
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It  is,  therefore,  approximately  correct  to  call  the  power  of  a  12-foot 
wind  wheel  in  5-mile  wind  equal  to  one-fortieth  of  a  horsepower.  Oom- 
pating  the  power  of  other  wind  velocities  according  to  the  law  of  cubes, 
we  obtain  for  th6  power  of  a  12-foot  wheel,  one-fortieth  or  0.025  horse- 
power in  5-mile  wind,  0.2  horsepower  in  10-mile  wind,  0.675  horsepower 
in  15-mile  wind,  1.6  horsepower  in  20-mile  wind,  3.125  horsepower  in 
25-mile  wind,  5.4  horsepower  in  30-mile  wind,  8.575  horsepower  in  35-mile 
wind,  and  12.8  horsepower  in  40-mile  wind. 

Most  12-foot  wind  wheels,  as  now  made,  are  strong  enough  to  stand 
the  strain  of  furnishing  13-horsepower,  and  this  we  believe  is  not  beyontl 
the  actual  achievement  of  some  12-foot  wind  wheels  in  40-mile  wind. 

VALUE  OV  MATHEMATICAL  FOBMULiB  IK  EXPERIMENTAL  INVE8TIOATION8. 

The  formulas  which  Professor  Eankine  and  other  mathematicianB 
have  applied  to  wind  wheels  give  for  maximum  theoretical  efiBciency 
only  50  per  cent  of  the  potential  energy  of  the  wind  actually  intercepted 
by  the  sails.  Our  experimental  wind  wheel  Ko.  48  realized  an  efficiency 
of  more  than  44  per  cent,  if  we  consider  only  the  wind  which  would  be 
intercepted  by  a  surface  equal  to  the  projections  of  the  sails  on  the 
plane  of  the  wheel.  So,  if  we  should  accept  previous  mathematical  cal- 
culations as  correct,  we  have  already  made  a  wind  wheel  which  utilizes 
88  per  cent  of  the  greatest  possible  theoretical  result,  and  the  remain- 
ing 12  per  cent  margin  would  not  furnish  very  great  incentive  to 
attempts  at  improvement.  Mathematicians  hitherto  have  treated  the 
sails  of  wind  wheels  as  flat  surfaces.  Even  for  flat  surfaces  their 
theoretical  results  have  been  entirely  too  small;  but  it  is  not  our 
purpose  to  discuss  previous  mathematical  errors.  Wind- wheel  sails  of 
proper  form  are  not  flat,  but  curved  surfaces,  and  in  analyzing  the 
action  of  wind  on  curved  sails  we  have  not  contradicted  Bankine's 
formula),  but  have  confined  ourselves  to  making  such  suppositions  as 
may  be  actually  true  in  practice.  Eankine's  formulae  for  the' action  of 
fluids  on  curved  vanes  give  as  a  theoretical  result  a  maximum  efficiency 
of  100  per  cent.  This  is  correct.  It  shows  that  we  have  not  made  a 
very  efficient  wind  wheel  yet,  and  afibrds  hope  for  the  attainment  of 
still  better  results  in  the  future.  We  know  that  there  is  a  great  waste 
of  energy  somewhere,  even  in  the  best  wind  wheels  we  have  been  able 
to  produce,  but  we  are  encouraged  to  think  that  much  of  the  waste  \3an 
be  avoided.  We  do  not  claim,  therefore,  that  our  experiments  have 
revealed  the  whole  truth.  In  fistct  we  believe  that  only  a  beginning 
has  been  made,  and  fully  expect  to  see  our  best  results  greatly  sur- 
passed. In  our  view,  the  results  of  our  experiments,  as  here  recorded, 
are  far  richer  in  the  suggestions  offered  than  in  the  efficiencies  realized. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington^  October  20,  1898. 

Sir:  I  have  the  honor  to  transmit  herewith  a  report  on  the  wells  of 
Indiana,  prepared  by  Mr.  Frank  Leverett,  assistant  geologist  of  this 
Survey.  This  material  was  brought  together  by  Mr.  Leverett  in  con- 
nection with  glacial  investigations,  as  noted  in  the  general  discussion 
of  the  water  resources  of  Indiana  and  Ohio,  published  in  Part  lY  of 
the  Eighteenth  Annual  Report  of  the  Survey,  on  pages  419-559. 
Many  details  were  omitted  in  that  publication,  as  the  volume  assumed 
bulky  dimensions;  but  these  detailed  facts  have  considerable  value 
and  are  needed  for  reference  by  citizens  of  Indiana,  and  it  is  there- 
fore desirable  to  make  them  available  by  publishing  them  in  the  series 
of  Water-Supply  and  Irrigation  Papers. 

With  these  data  are  presented  two  maps,  one  illustrating  the  dis- 
tribution of  the  glacial  deposits  and  the  other  the  relation  of  the  drift 
to  the  ordinary  wells  of  the  State.  These  are  portions  of  Plates 
XXXVI  and  XXXVII  of  Part  IV  of  the  Eighteenth  Annual  Report. 
Their  reproduction  in  connection  with  this  paper  is  essential  to  the 
clear  understanding  of  the  descriptive  matter. 

Very  respectfully,  F.  H.  Newell, 

Sydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  Staies  Oeological  Survey. 
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WELLS   OF   NORTHERN  INDIANA. 


By  Frank  Lbverbtt. 


GXQTBRAIi  STATEMENT. 

The  data  included  in  this  discussion  of  Indiana  wells  were  collected 
mainly  during  the  prosecution  of  the  study  of  the  glacial  drift  by  the 
writer  under  the  direction  of  Prof.  T.  C.  Chamberlln.  The  portion 
of  the  State  north  of  the  latitude  of  Terre  Haute  and  Brookville, 
embracing  about  two-thirds  of  the  area,  has  been" examined  much 
more  thoroughly  than  the  portion  south  of  that  line.  In  the  former 
district  nearly  every  township  has  been  traversed' and  close  attention 
given  to  the  conditions  for  obtaining  wells.  In  the  latter  district  only 
a  few  hasty  trips  have  been  made.  Consequently  the  discussion  for 
the  northern  two-thirds  of  the  State  is  much  fuller  than  for  the  south- 
em  third.  In  addition  to  material  personally  collected  a  considerable 
amount  is  taken  from  reports  of  the  Indiana  geological  survey,  many 
well  sections  having  been  published  in  those  reports.  Such  material 
is  accredited  to  the  original  sources. 

A  portion  of  the  State,  as  has  long  been  known,  lies  outside  the 
glacial  boundary.  The  approximate  position  of  the  boundary  has 
been  determined  in  part  by  Prof.  G.  F.  Wright,  in  connection  with  the 
United  States  Geological  Survey,  and  in  part  by  members  of  the  Indi- 
ana geological  survey.  Professor  Wright's  location  of  the  glacial 
boundary  in  the  southwestern  part  of  the  State  appears  to  be  less 
accurate  than  in  the  southeastern  part.  In  the  former  district  it  has 
been  found  by  members  of  the  Indiana  survey  and  also  by  Prof.  J.  C. 
Branner  to  be  in  places  at  least  20  miles  back  from  the  limits  of  the 
drift,  but  in  the  latter  district  the  writer's  studies  have  sustained,  in 
the  main,  the  tracing  made  by  Professor  Wright,  no  drift  having  been 
noted  more  than  6  or  8  miles  outside  his  line.  The  latest  results  con- 
cerning the  position  of  the  glacial  boundary  are  embodied  in  the 
glacial  map  of  Indiana  and  Ohio  here  presented  (PL  I).  It  will  be 
observed  that  the  boundary  lies  south  of  the  Ohio  River  as  far  west 
as  the  vicinity  of  Louisville,  Kentucky.  Just  above  this  city  it  crosses 
the  Ohio  and  turns  abruptly  northward,  passing  through  western 
Clarke,  northeastern  Washington,  central  Jackson,  and  eastern  Brown 

1  The  length  of  a  sbiKle  paper  in  this  series  being  limited  by  law  to  100  pages,  it  is  necessary  to 
dlTide  this  paper  Into  two  parts  and  issne  them  separately.  The  last  part,  relating  to  the  sonth- 
em  portion  of  the  State,  will  be  published  as  Water-Supply  and  Irrigation  Paper  No.  86  (in  press). 
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counties,  Indiana,  a  distance  of  about  50  miles.  The'^course  is  then 
westward  for  about  30  miles,  through  northern  Brown  and  north- 
em  Monroe  counties.  In  northwestern  Monroe  County  it  makes  an 
abrupt  turn  to  the  south  and  leads  through  western  Monroe,  eastern 
Greene,  western  Martin,  and  northwestern  Dubois  counties.  From 
southwestern  Dubois  County  the  course  is  south  of  west  across  Pike, 
Gibson,  and  Posey  counties  to  the  extreme  southwestern  comer  of 
the  State. 

The  average  thickness  of  the  drift  in  the  State  is  estimated  to  be 
about  130  feet.  It  consists  of  a  complex  series  of  sheets,  differing 
widely  in  age  and  in  structure.  These  sheets  are  made  known  largely 
by  the  well  sections  which  appear  in  this  report,  for  streams  and  nat- 
ural exposures  seldom  reach  the  bottom  of  the  drift.  From  a  study 
of  the  drift  sheets  of  Indiana  and  neighboring  States,  the  glacial  suc- 
cession has  been  worked  out  sufficiently  to  determine  the  leading 
stages  of  glaciation  and  deglaciation. 

It  appears  that*  the  sheet  which  forms  the  surface  of  much  of  the 
glaciated  iK)rtion  of  Illinois,  and  which  is  known  as  the  lUinoian  drift 
sheet,  is  exposed  only  in  a  few  counties  in  Indiana,  in  the  southwestern 
and  southeastern  portions  of  the  State,  the  remainder  being  covered 
by  later  deposits  of  drift.  The  thickness  where  this  single  sheet  is 
exposed  to  view  averages  scarcely  more  than  30  feet,  or  less  than 
one-fourth  the  estimated  average  for  the  State. 

In  Illinois  and  Iowa  there  is  a  sheet  of  glacial  drift  exposed  to  view 
which  was  apparently  deposited  contemporaneously  with  the  great 
silt  deposit  of  the  Mississippi  Valley,  to  which  the  German  term  loess 
has  been  applied.  This  sheet  has  not  yet  been  identified  in  Indiana, 
but  the  lUinoian  drift  sheet,  wh^re  exposed  to  view,  is  capped  by  a 
deposit  of  loess-like  silt,  several  feet  in  thickness,  which  was  in  all 
probability  deposited  at  the  time  of  the  loess  deposition  of  the  Mis- 
sissippi Valley  and  of  the  correlative  drift  sheet,  which  from  its 
development  in  Iowa  is  known  as  the  lowan  sheet.  The  lowan  drift 
sheet  may  be  present  underneath  later  drift  sheets  in  the  northern 
portion  of  Indiana. 

The  next  important  stage  of  glaciation  has  been  termed  the  Wis- 
consin, chiefly  because  of  its  extent  and  early  recognition  as  a  later 
sheet  of  drift  in  the  State  of  that  name.  It  covers  the  northeastern 
fourth  of  Illinois  and  extends  south  into  Indiana,  about  to  the  lati- 
tude of  Terre  Haute  and  Brookville.  The  border  is  somewhat  irregu- 
lar, but  departs  scarcely  more  than  20  miles  to  the  north  or  south  of  a 
line  leading  eastward  from  Terre  Haute  to  Brookville,  the  greatest 
departure  being  in  the  western  part  of  the  State,  where  it  is  deflected 
northward  near  the  line  of  the  Wabasli  River  about  20  miles.  The 
course  of  this  boundary  is  indicated  on  the  glacial  map  (PI.  I).  It 
passes  near  the  towns  of  Terre  Haute,  Rockville,  Greencastle,  Moores- 
ville,  Columbus,  and  Brookville.    The  loess  referred  to  above  covers 
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the  drift  to  the  south  of  this  line,  but  passes  beneath  the  drift  of 
Wisconsin  age  to  the  north  of  it.  In  the  discussion  of  counties  near 
this  boundary  numerous  sections  are  given  showing  that  the  Wiscon- 
sin drift  is  much  fresher  than  that  which  underlies  it.  The  difference 
in  age  is  known  not  only  by  difference  in  induration  of  the  bowlder 
clays,  but  also  by  the  presence  of  a  distinct  soil  formed  on  a  land 
surface  between  the  withdrawal  of  the  ice  of  Illinoian  age  and  the 
glacial  advances  which  resulted  in  the  deposition  of  later  drift  sheets. 
A  soil  is  found  between  the  Illinoian  drift  sheet  and  the  capping  of 
loess  as  well  as  between  the  latter  and  the  overl3dng  Wisconsin  drift. 

From  the  time  the  ice  sheet  occupied  the  outer  border  of  the  Wis- 
consin drift  down  to  its  final  withdrawal  from  the  State,  it  was 
apparently  subjected  to  considerable  oscillation  of  front  and  also  to  a 
shifting  in  direction  of  movement.  In  the  earlier  stages  the  move- 
ment was  apparently  nearly  southward  across  northern  Indiana,  but 
in  the  later  stages  there  was  a  change  to  a  south  westward  movement. 
There  is  a  growing  tendency  among  the  glacialists  who  are  familiar 
with  this  region  to  separate  the  two  movement's,  giving  the  name 
Early  Wisconsin  to  the  southward  and  Late  Wisconsin  to  the  south- 
westward  movement. 

During  the  southwestward  movement  Indiana  was  covered  by  ice 
nearly  as  far  south  as  during  the  southward  movement,  but  Illinois 
was  invaded  to  a  comparatively  short  distance  at  that  stage  of  gla- 
ciation.  During  this  southwestward  movement  the  ice  sheet  was 
divided  into  a  series  of  lobes  whose  extent  and  characteristics  have 
been  set  forth  by  Chamberlin  in  the  Third  Annual  Report  of  .this 
Survey.  At  the  junction  of  these  lobes  great  interlobate  moraines 
were  formed.  One  of  these,  occupying  the  line  between  the  Saginaw 
and  Erie-Maumee  lobes,  leads  from  the  northeastern  corner  of  Indiana 
southwestward  to  Cass  County.  These  interlobate  moraines  are  gen- 
erally more  prominent  than  those  formed  at  the  ends  of  the  lobes. 
The  one  just  referred  to  has  a  few  knolls  which  rise  nearly  200  feet 
above  the  neighboring  basins,  though  the  oscillations  in  level  between 
knolls  and  basins  are  generally  less  than  50  feet.  One  of  the  most 
prominent  moraines  formed  at  the  end  of  an  ice  lobe  is  the  Valparaiso, 
situated  north  of  the  Kankakee  Basin,  in  northwestern  Indiana,  and 
so  called  from  the  city  of  Valparaiso,  located  on  it.  It  was  formed 
by  the  Lake  Michigan  glacier  at  a  time  when  that  glacier  extended 
but  little  beyond  the  limits  of  the  shore  of  Lake  Michigan.  Another 
prominent  moraine,  known  as  the  Maxinkuckee,  leads  southward  from 
Michigan  past  South  Bend  to  Lake  Maxinkuckee,  and  thence  east- 
ward to  join  the  great  interlobate  moraine  formed  between  the  Sagi- 
naw and  Erie  lobes.  It  was  formed  by  the  Saginaw  ice  lobe  at  the 
time  it  first  became  clearly  differentiated  from  the  Erie  lobe.  These 
and  several  other  moraines  are  discussed  in  connection  with  the  well 
sections  which  have  been  sunk  in  them.  Further  discussion  at  this 
point  seems,  therefore,  unnecessary. 
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It  will  be  observed  that  the  structure  of  the  drift  is  intimately 
related  to  the  position  with  reference  to  the  ice  margin  at  the  time  of 
deposition.  Much  of  the  drift  deposited  under  the  margin  of  the  ice 
is  a  compact,  bowlder  clay,  to  which  the  Scottish  term  titt  is  applied, 
while  that  deposited  at  the  end,  or  carried  beyond  the  ice  by  waters 
issuing  from  it,  consists  largely  of  sand  and  gravel,  or  if  the  issuing 
waters  were  sluggish  the  deposits  may  be  of  a  silty  character. 

In  the  discussion  of  the  counties  which  border  the  Kankakee  marsh 
attention  is  called  to  a  deposit  of  sand  which  covers  the  glacial 
drift.  It  was  formed  apparently  by  a  glacial  lake  which  occupied 
that  region  for  a  brief  period  while  the  ice  sheet  was  still  blocking  the 
Wabash  Valley  to  the  south.  This  lake  was  long  since  recognized  by 
Bradley  and  named  Lake  Kankakee.^  A  lake  formerly  extended 
beyond  the  present  shore  of  Lake  Michigan  into  the  northwestern 
counties  of  Indiana,  to  which  the  writer  has  recently  applied  the  name 
Lake  Chicago.^  It  had  south  westward  discharge,  through  what  is 
known  as  the  Chicago  outlet,  into  the  Des  Plaines  River  and  thence 
to  the  Illinois  and  Mississippi.  This  lake  also  has  left  deposits  of 
sand  on  the  counties  of  Indiana  which  it  covered.  In  the  northeastern 
part  of  Indiana  there  is  also  an  old  lake  area  with  well-defined  beach 
lines,  occupied  by  the  glacial  Lake  Maumee,'  which  had  southwest- 
ward  discharge,  through  the  "Fort  Wayne  outlet,"  into  the  Wabash 
River.  This  lake  bottom  is  covered  less  thickly  by  deposits  of  sand 
and  silt  than  the  bottoms  of  Lakes  Kankakee  and  Chicago. 

The  discussion  begins  at  the  northwestern  corner  of  the  State,  and 
counties  are  taken  up  in  order  in  tiers,  the  first  tier  running  west  to 
east,  the  second  from  east  to  west,  the  third  from  west  to  east,  etc., 
following  nearly  the  numbering  of  the  counties  on  the  maps.  In  the 
case  of  the  southern  counties,  the  data  are  so  meager  that  they  are 
considered  in  groups  under  the  head  of  the  immediately  subjacent 
rock  formation. 

The  records  of  wells  here  presented  should  not  be  understood  to 
indicate  the  usual  depth,  for  the  majority  of  wells  probably  are  less 
than  25  feet  in  depth.  They  represent  the  deepest  concerning  which 
information  could  be  obtained,  and  are  selected  because  such  wells 
convey  more  information  con  eming  the  drift  structure  and  its  capac- 
ity for  supplying  wells  than  the  shallow  ones.  The  relation  of  the  drift 
to  the  ordinary  wells  is  set  forth  in  PI.  11. 

The  borings  for  natural  gas,  which  are  especially  numerous  in  the 
central  and  eastern  parts  of  the  State,  often  throw  light  upon  the 
structure  of  the  deeper  portion  of  the  drift  and  its  water  resources 
where  deep  water  wells  have  not  been  made.  They  also  throw  con- 
siderable light  upon  the  water  horizons  in  the  underlying  rock  strata. 
Such  information  as  was  obtained  from  the  records  of  these  borings  ifl 

1  Qeol.  of  nUnols«  Vol.  FV,  1870,  pp.  2S&-2a9. 

*  Qeok  and  Nat  Hist.  Survey,  Chicago  Acad,  of  Sdencea,  BnlL  No.  8, 1887,  pp.  64-68. 

*  C.  B.  Dryer,  Sixteenth  Ann.  Bept  Indiana  Qecd.  Snryey,  1888,  pp.  107-lli. 
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here  presented,  though  it  is  not  so  full  as  could  be  desired.  In  this 
connection  it  may  be  remarked  that  information  concerning  water  sup- 
ply in  the  deei>er  part  of  the  drift  and  in  the  underlying  rocks  is  very 
meager,  compared  with  the  knowledge  concerning  the  surface  portion 
of  the  drift.  Information  concerning  these  deeper  beds  has  been 
greatly  extended  since  the  discovery  of  natural  gas.  In  many 
instances  borings  which  failed  to  obtain  gas  have  been  subsequently 
turned  to  use  because  of  the  water  which  they  yield.  Thus  a  resource 
which  was  overlooked  in  the  excitement  incident  to  the  discovery  of 
gas  is  likely  to  receive  proper  development  in  the  near  future. 

DETATLEB  DISCUSSION  OF  WEIiliS. 

LAKE  COUNTY. 

Ghneral  statement. — ^Lake  County,  situated  in  the  extreme  north- 
west comer  of  Indiana,  has  for  its  northern  border  the  shore  of  Lake 
Michigan  and  for  its  southern  border  the  Kankakee  River.  It  extends 
eastward  from  the  State  line  about  16  miles,  and  has  an  area  of  500 
square  miles. 

The  Valparaiso  moraine  leads  west  to  east  across  the  central  i>or- 
tion  of  the  county,  and  has  a  width  of  about  10  miles.  It  is  a  some- 
what elevated  rolling  tract,  standing  100  to  200  feet  higher  than  Lake 
Michigan.  Wells  are  sunk  to  considerable  depth,  few  wells  being 
obtained  at  less  than  25  feet,  while  many  are  50  to  100  feet  or  more. 
These  wells  are  obtained  usually  in  beds  or  pockets  of.  sand  or  gravel 
between  till  sheets. 

North  of  the  moraine  there  is  a  low  plain,  much  of  which  was  cov- 
ered by  Lake  Chicago,  the  glacial  predecessor  of  Lake  Michigan,  which 
had  its  outlet  southwest  to  the  Des  Plaines  River.  For  several  miles 
south  from  the  present  shore  of  Lake  Michigan  the  sand  deposits  of 
this  old  lake  bottom  are  so  heavy  that  wells  10  to  40  feet  in  depth  are 
often  obtained  without  reaching  the  underlying  till.  But  near  the 
moraine  the  sand  becomes  thinner,  and  is  in  places  but  a  mere  skim 
coating.  On  this  portion  of  the  plain  wells  are  carried  to  as  great 
depth  as  on  the  moraine,  and  water  is  obtained  in  gravel  deposits  in 
the  till. 

South  of  the  Valparaiso  moraine  is  a  narrow  strip  of  gravelly  land 
formed  by  the  waters  escaping  from  the  ice  at  the  time  it  occupied 
the  moraine.  On  this  plain  the  wells  usually  obtain  their  water  at 
depths  of  10  to  25  feet,  without  reaching  the  bottom  of  the  gravel 
deposit.  Extending  several  miles  north  from  the  Kankakee,  in  the 
southern  part  of  the  county,  there  is  a  marsh  too  wet  for  settlement. 

The  glacial  deposits  of  Lake  County  are  so  heavy  that  wells  may 
be  obtained  without  entering  the  underlying  rock.  Borings  for  arte- 
sian water  or  for  natural  gas,  made  at  Hammond,  Hobart,  and  Crown 
Point,  penetrate  110,  160,  and  176  feet  of  drift,  respectively.  From 
these  borings  it  appears  that  the  drift  of  this  county  may  have  an 
average  thickness  of  about  150  feet. 
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Individttal  wells. — ^At  Hammond  many  wells  are  driven  to  a  depth 
of  10  to  18  feet  in  sand,  entering  water  at  about  8  feet.  Filters  are 
used  in  some  cases.  Below  the  sand  is  a  neariy  solid  bed  of  blue  till, 
90  feet  in  thickness,  which  contains  but  little  water.  At  about  110 
feet  Lockport  (often  called  Niagara)  limestone  is  entered,  which  fur- 
nishes water  containing  sulphureted  hydrogen.  The  artesian  well 
boring  at  the  distillery,  1,900  feet  in  depth,  is  discussed  elsewhere.* 

At  Whiting  a  portion  of  the  water  supply  is  furnished  by  shallow 
wells  in  the  beach  sand,  20  feet  or  less  in  depth.  A  portion  of  the 
water  supply  is  pumped  from  Lake  Michigan  by  the  Standard  Oil 
Company  and  made  use  of  by  many  families. 

The  villages  of  Gibson,  Hessville,  ToUeston,  Liverpool,  and  Lake 
all  depend  upon  shallow  wells  driven  or  dug  to  a  depth  of  10  to  40 
feet  in  the  surface  sand.  In  some  cases  contamination  is  liable  to 
occur  from  privy  vaults  and  other  sources. 

At  Hobart  the  wells  15  to  25  feet  in  depth  usually  penetrate  a  few 
feet  of  clay,  which  probably  prevents  contamination  of  water.  A  well 
at  Owens's  brickyard  reaches  the  underlying  rock  and  has  the  follow- 
ing section: 

Feet. 

Yellow  silt,  pebbleleso,  calcareooB ^ 10 

Bine  silt,  pebbleless,  calcareoos 60 

Bine  till,  hard  and  stony 97 

Hard  rock 8 

Total 160 

Mr.  Leavenworth's  well,  3  miles  west  of  Hobart,  depth  80  feet,  is 
above  the  limits  of  the  lake  deposit  and  is  mainly  through  blue  till. 
Several  wells  in  that  vicinity  50  to  100  feet  deep  do  not  reach  the 
bottom  of  the  drift. 

Wells  in  the  vicinity  of  Ainsworth,  on  the  north  slope  of  the  Val- 
paraiso moraine,  often  exceed  50  feet.  After  penetrating  yellow  till 
10  or  12  feet  they  are  mainly  through  blue  till. 

In  the  vicinity  of  Crown  Point,  near  the  crest  of  the  Valparaiso 
moraine,  there  are  several  tubular  wells  75  or  80  feet  in  depth,  mainly 
through  blue  till. 

Tubular  wells  in  the  vicinity  of  St.  John,  near  the  crest  of  the  mo- 
raine, obtain  water  at  50  to  100  feet  in  sand  beds  included  in  the  till. 

Wells  on  the  south  slope  of  the  Valparaiso  moraine  usually  enter  a 
water-bearing  sand  or  gravel  after  penetrating  a  few  feet  of  tiU,  water 
being  more  easily  obtained  there  than  on  the  crest  or  north  slope. 

A  well  at  the  x>owder  factory,  1  mUe  west  of  Miller  Station,  in  the 
northern  part  of  the  county,  75  feet  in  depth,  entered  a  bed  of  moUuscan 
shells  at  the  bottom  of  the  sand,  40  feet  below  the  surface  and  proba- 
bly several  feet  above  the  level  of  Lake  Michigan.  Below  the  shells 
a  bluish  silt  or  fine  sand  is  penetrated  35  feet. 

>  See  Eighteenth  Ann.  Sept.  U.  8.  Geol.  Survey,  1880-97,  Ptft  IV,  1807,  p.  480. 
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PORTER  COUNTY. 

Chneral  staiemerd. — Porter  County  is  situated  just  east  of  Lake 
County,  and  has  Lake  Michigan  for  its  northern  and  the  Kankakee 
River  for  its  southern  border.  It  is  15  miles  in  breadth,  25  to  30 
miles  in  length,  and  has  an  area  of  410  square  miles. 

The  Valparaiso  moraine  traverses  the  county  from  southwest  to 
northeast,  slightly  north  of  the  center,  and  ha^  a  width  of  about  8 
miles.  It  reaches  a  higher  elevation  in  this  county  than  in  Lake, 
some  points  being  fully  250  feet  above  Lake  Michigan.  It  includes 
several  lakes,  one  of  which  furnishes  the  water  supply  for  Vali>araiso, 
the  county  seat.  In  the  western  portion  of  the  county  till  predomi- 
nates as  far  as  wells  penetrate — 150  to  200  feet.  But  in  the  eastern 
portion  of  the  county,  where  the  moraine  reaches  its  highest  eleva- 
tion, it  contains  a  large  amount  of  dry  sand  and  gravel,  and  strong 
wells  are  obtained  only  by  penetrating  to  a  depth  of  100  to  160  leet. 

Extending  north  from  the  moraine  there  is  a  low  plain  reaching  to 
the  Calumet  River,  which  is  underlain,  as  a  rule,  by  till,  but  is  coated 
quite  generally  with  sand.  In  this  plain  wells  vary  greatly  in  depth, 
but  are  usually  20  to  40  feet. 

North  of  the  Calumet  River  there  is  a  narrow  ridge  of  till  forming 
a  feeble  morainic  belt.  Its  width  seldom  exceeds  1  mile  and  its 
relief  is  but  30  to  50  feet.  Along  this  ridge  wells  are  frequently  75 
to  125  feet  in  depth,  it  being  one  of  the  most  difficult  places  in  the 
county  to  obtain  water. 

North  of  this  till  ridge  there  are  heavy  deposits  of  lake  sand,  render- 
ing a  portion  of  the  district  a  barren  waste.  The  sand  is  drifted  by 
the  wind  into  dunes  100  to  200  feet  in  height.  This  belt,  however, 
occupies  only  a  breadth  of  2  or  3  miles,  though  extending  the  entire 
width  of  the  county.  This  district  is  largely  uninhabited.  In  the 
farms  along  its  border  next  the  till  ridge  wells  usually  obtain  water 
before  reaching  the  bottom  of  the  sand  at  depths  of  25  to  50  feet. 

South  of  the  Valparaiso  moraine  the  formations  are  like  those  of 
Lake  County,  there  being  a  gravel  plain  several  miles  in  width, 
extending  on  the  south  into  the  uninhabited  Kankakee  marsh.  The 
moraine  extends  spurs  out  into  this  gravel  plain  nearly  to  the  borders 
of  the  marsh. 

The  glacial  deposits  of  this  county,  like  those  of  Lake,  are  so  heavy 
that  wells  obtain  water  without  entering  the  underlying  rock.  Bor- 
ings for  natural  gas  made  at  Valparaiso,  Hebron,  and  Boone  Grove 
penetrate  126,  108,  and  140  feet  of  drift,  respectively,  while  a  boring 
for  an  artesian  well  in  the  northeast  part  of  the  county  has  245  feet 
of  drift.  It  api)ears  from  these  borings  that  the  average  thickness  of 
the  drift  in  this  county  may  slightly  exceed  150  feet.  Several  wells 
along  the  Valparaiso  moraine,  as  indicated  below,  reach  a  depth  of 
over  150  feet  without  entering  rock. 
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IndividiLcd  wells. — The  Blair  artesian  well,  in  the  extreme  north- 
east comer  of  the  county  (sec.  1,  T.  37,  R.  5  W.),  has  the  following 
section: 

Feet. 
1.  Sand  with  peaty  beds  near  bottom 80 

3.  Adhesiye  bine  clay  with  thin  sand  beds 55 

8.  Gravel  and  sand  with  water 9 

4.  Bine  clay  like  No.  3 110 

5.  Gravel  with  water..- 6 

6.  Bine  clay  like  No.  3 85 

7.  Shale(?) 1 

8.  Hard  gray  limestone 180 

9.  Soft  rock,  snbject  to  caving  in  places 06 

10.  Hard  limestone 878 

Totals 864 

The  well  mouth  is  about  20  feet  above  Lake  Michigan,  or  600  feet 
above  tide.  Flows  occur  at  68,  72,  78,  80,  85,  95,  and  about  200  feet 
in  the  drift.  The  flows  were  weak  until  a  depth  of  about  85  feet  was 
reached,  when  a  strong  flow  with  head  18  feet  above  the  surface  was 
obtained.  The  flow  from  200  feet  is  also  strong.  The  water  from  all 
the  veins  in  the  drift  is  fresh  and  of  good  quality.  At  a  depth  of  370 
feet  sulphur  water  was  struck,  which  gradually  increased  in  strength 
in  the  next  150  feet.  The  head  is,  however,  10  feet  lower  than  that 
from  the  drift  deposits.  The  combined  flow  is  about  400  barrels  per 
hour  and  the  temperature  62^  F. 

At  Fumessville,  on  a  beach  line  in  the  north  part  of  the  county,  a 
well  80  feet  in  depth  penetrated  beach  sand  25  feet,  at  the  base  of 
which  logs  were  encountered.  Below  the  logs  is  a  blue  clay,  probably 
till,  which  was  penetrated  about  50  feet  when  a  water-bearing  sand 
and  gravel  was  struck. 

A  well  on  the  beach  line  immediately  north  of  Calumet  River,  near 
the  east  line  of  the  county,  obtains  water  at  the  base  of  the  beach 
sand  at  23  feet.  Neighboring  wells  south  of  the  beach  line  enter  a 
blue  clay,  nearly  pebbleless,  at  3  to  5  feet,  and  in  some  cases  penetrate 
this  to  a  depth  of  50  feet  before  obtaining  water. 

At  Chesterton  and  Hageman,  in  the  northern  part  of  the  county, 
wells  are  seldom  more  than  20  feet  in  depth,  and  usually  obtain  water 
at  10  or  12  feet.  As  they  are  mainly  through  sand,  there  is  danger  of 
contamination. 

Records  of  several  weUs  were  obtained  along  the  till  ridge  north  of 
Calumet  River,  near  Chesterton.  They  penetrate  yellow  tiU  18  or  20 
feet,  below  which  is  a  blue  till,  hard  and  stony,  which  is  usually 
penetrated  40  or  50  feet  before  a  water-bearing  sand  or  gravel  can  be 
obtained.  In  one  well  a  dry  sand,  15  or  20  feet  in  thickness,  was 
found  between  the  yellow  and  blue  tills,  and  the  blue  till  there 
afforded  no  water  until  it  had  been  penetrated  70  feet.  The  depth  of 
the  well  is  125  feet. 
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From  the  Calumet  River  south  to  the  Valparaiso  moraine  water  is 
osuaUy  obtained  at  8  to  25  feet.  In  some  cases  surface  clay  a  few 
feet  in  depth  is  penetrated,  but  quite  as  often  the  weUs  are  almost 
entirely  in  sand  or  gravel.  In  the  western  i>art  of  the  county,  how« 
ever,  in  the  vicinity  of  Wheeler  and  northward  for  4  or  5  miles,  this 
plain  is  underlain  by  a  compact  till,  and  wells  are  in  some  places 
difficult  to  obtain.  There  is  a  small  till  ridge  leading  north  from 
Wheeler,  on  which  it  is  especially  difficult  to  obtain  wells.  Several 
borings  have  been  made  along  the  ridge  to  a  depth  of  100  to  200  feet. 
In  one  case  a  boring  was  abandoned  at  200  feet  without  obtaining 
water.  In  another  case  water  was  obtained  after  penetrating  155  feet 
of  till.  Another  well  found  water  after  penetrating  115  feet  of  till. 
A  plain  known  as  Twenty  Mile  Prairie,  lying  north  and  east  of  the 
tdll  ridge  just  mentioned,  is  underlain  by  a  very  fine  sand,  so  that 
wells  have  been  carried  to  a  depth  of  150  feet  before  entering  coarse 
sand  or  gravel.    On  this  prairie  there  is  usually: 

1.  Ydlowtill 7  to  10 

2.  Blnetill 20 

8.  Fine  gray  qnioksand 75  to  135 

Passing  to  the  Valparaiso  moraine,  we  find  in  the  western  part  of 
the  county  a  region  in  which  strong  wells  are  difficult  to  obtain, 
except  in  a  few  favored  localities,  there  being  a  very  compact  till, 
similar  to  that  on  the  plain  north  of  the  moraine.  At  Smalls  Cross- 
ing, 3  miles  southwest  of  Wheeler,  a  well  penetrates  the  following 
b^s: 

1.  YeUowtm 8to   10 

2.  Blnetill 85  to   40 

S.  A  fine  sandy  deposit,  in  places  resembling  till 150 

4.  Coarse  water-bearing  sand 19 

Total 219 

Mr.  Currier's  well,  1  mile  south  of  Wheeler,  in  which  no  good  vein 
of  water  was  found,  penetrates — 

Feet. 

1.  YeUowtm 15 

2.  Blue  till,  soft 140 

8.  Blue  till,  hard 89 

Total 194 

On  the  south  slope  of  the  moraine  in  the  western  part  of  the  county, 
water-bearing  sand  or  gravel  is  usually  found  at  about  40  or  50  feet. 

Following  the  moraine  northeastward  to  Valparaiso,  the  till  is  found 
to  give  place  in  its  lower  portion  to  beds  of  sand  and  gravel.  In  the 
southern  part  of  Valparaiso,  and  also  for  some  distance  south  of  the 
city,  wells  often  obtain  water  at  a  depth  of  25  feet.  Occasional  deeper 
wells  in  that  district  show  a  large  amount  of  coarse  sand  or  fine  gravel 
below  a  few  feet  of  surface  till.  On  the  elevated  ground  in  the  north* 
IBB  21 2 
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The  artesian  well  at  the  penitentiary,  1  mile  west  of  Michigan  City, 
has  the  following  section  reported  by  Dr.  Levette:  ^ 

Feet. 

1.  Surface  sand 48 

2.  Clay • 4 

8.  Sand 24 

4.  Clay fl6 

6.  Sand 80 

6.  Marcellns  shale 76 

7.  Upper  Silorian  limestone,  with  fossils 298^ 

Total 541i 

The  boring  is  reported  to  terminate  in  a  porous  limestone  rock 
which  famishes  a  flow  of  water  strongly  impregnated  with  sulphn- 
reted  hydrogen.  Its  head  is  22  feet  above  the  surface  of  the  ground; 
rate  of  discharge  about  300  gallons  per  minute;  temperature,  57°  F. 
The  well  mouth  being  about  18  feet  above  the  level  of  Lake  Michi- 
gan,  or  600  feet  ab<sire  tide,  the  head  at  this  well  is  622  feet  above 
tide. 

A  remarkable  instance  of  the  rise  of  water  in  a  sand  dune  above 
lake  level,  was  found  at  the  Yankee  Slide,  a  dune  on  the  shore  of 
Lake  Michigan,  in  the  west  part  of  Michigan  City.  Wells  on  its 
slope,  at  an  altitude  of  40  or  50  feet  above  the  lake,  obtain  water  at 
a  depth  of  but  12  feet. 

The  wells  on  the  low  plain  in  northwestern  Laporte  County,  and 
also  on  the  till  ridges  which  traverse  that  plain,  show  a  prei>on- 
derance  of  till.  The  water-bearing  sand  and  gravel  appears  to  be  in 
local  deposits  or  sheets  of  limited  extent.  Neighboring  wells  often 
have  very  dissimilar  sections.  In  some  a  sand  or  gravel  bed  appears, 
which  is  absent  in  others;  some  show  a  solid  bed  of  till  to  a  depth  of 
75  or  100  feet,  while  others  present  alternations  of  till  with  sand  or 
gravel.  The  deepest  well  record  obtained  on  this  plain  is  that  at  a 
farmhouse  4^  miles  south  of  Michigan  City,  and  is  as  follows: 

1.  Yellow  till ..  20 

2.  Dry  sand 8  to  10 

8.  Bine  till 85  to  90 

4.  Sand 50 

Total 165 

There  are  beach  lines  traversing  this  plain  immediately  south  and 
east  from  Michigan  City,  on  which  wells  are  sometimes  obtained  at 
depths  of  12  to  16  feet  without  reaching  the  bottom  of  the  beach 
deposits. 

On  the  north  slope  of  the  Valparaiso  moraine,  near  the  west  line  of 
the  county,  and  just  south  of  the  Lake  Shore  and  Michigan  Southern 
Railway,  a  well  148  feet  in  depth  enters  dry  sand  below  till  at  about 

>  Fifth  Ann.  Rept.  IndlAoa  Geol.  Survey,  1878,  pp.  470-471. 
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20  feet,  which  continues  to  the  water-bearing  sand  and  gravel  near 
the  bottom.  Occasional  deep  wells  along  this  moraine  show  that  sand 
and  gravel,  as  in  the  above  section,  greatly  preponderate  over  the  till. 
As  a  rule,  however,  wells  are  obtained  along  the  moraine  without  pene- 
trating to  greater  depth  than  50  feet. 

Wells  on  the  gravel  plain,  south  of  the  moraine,  are  usually  obtained 
at  10  to  20  feet.  Several  villages  situated  on  this  gravel  plain  depend 
upon  these  shallow  wells  for  drinking  water,  though  the  water  appears 
liable  to  contamination. 

The  gas-well  boring  near  Lacrosse,  in  the  southern  part  of  the 
county,  enters  water  in  gravel  5  feet  below  the  surface,  and  wells  in 
that  vicinity  are  only  10  to  17  feet  in  depth.  Th^  boring  was  carried 
to  a  depth  of  838  feet,  but  water  does  not  rise  above  the  surface, 
which  is  676  feet  above  tide.     The  well  is  used  for  watering  stock. 

ST.  JOSEPH  COUNTY. 

General  stcUement. — St.  Joseph  County  is  situated  east  of  Laport^, 
about  midway  of  the  north  boundary  of  the  State.  Its  area  is  470 
square  miles.  About  one-half  the  county  is  a  gravel  plain  formed  by 
the  outwash  from  the  ice  sheet.  In  the  northwestern  portion  of  the 
county  the  outwash  is  from  the  Valparaiso  moraine,  and  the  plain 
descends  from  about  800  feet  at  the  border  of  the  moraine  to  725  feet 
at  the  border  of  the  Kankakee  marsh.  In  the  southwestern  portion 
of  the  county  the  outwash  is  westward  from  the  Maxinkuckee  moraine 
of  the  Saginaw  lobe,  and  there  is  a  similar  descent  from  the  moraine 
to  the  Kankakee  marsh.  In  the  northeastern  portion  of  the  county 
there  is  an  extensive  gravel  plain  along  the  St.  Joseph  River,  whose 
head  is  in  southern  Michigan  in  a  later  moraine  of  the  Saginaw  lobe. 
The  southeastern  part  of  the  county  is  occupied  by  a  till  plain  which 
borders  the  Maxinkuckee  moraine  on  the  east.  The  Maxinkuckee 
moraine  passes  diagonally  across  the  county  from  the  southwest  to 
the  north  border  and  has  a  width  of  about  5  miles.  It  is  interrupted 
by  a  gap  at  the  St.  Joseph  River  near  South  Bend  2  or  3  miles  in 
width.  The  highest  portions  of  this  moraine  stand  fully  300  feet 
above  Lake  Michigan,  or  about  900  feet  above  tide. 

Very  little  is  known  concerning  the  thickness  of  the  glacial  deposits, 
there  being,  so  far  as  the  writer  is  aware,  but  one  point  within  the 
county  where  rock  has  been  struck.  A  gas  boring  at  South  Bend,  in 
the  valley  of  St.  Joseph  River,  has  137  feet  of  drift.  Its  altitude  is 
but  725  feet  above  tide,  or  fully  150  feet  lower  than  the  uplands  of 
the  southeastern  portion  of  the  county.  If,  therefore,  the  rock  sur- 
face has  a  general  level  as  low  as  at  South  Bend,  the  drift  of  the 
county  would  be  from  120  to  300  feet  in  thickness,  with  an  average  of 
perhaps  200  feet. 
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Individuol  wells. — ^The  gas- well  boring  at  South  Bend  is  reported  by 
Dr.  Phinney^  as  follows: 

Feet. 

1.  Sand 25 

2.  Gravel 20 

3.  Clay 80 

4.  Sand 25 

6.  Gravel 37 

6.  Shales 238 

T.Limestone .-  805 

8.  Limestones  and  shales 220 

9.  Utica  shale - 185 

10.  Trenton  limestone 85 

Total 1,670 

Salt  water  was  struck  at  375  and  610  feet,  and  also  in  the  Trenton 
at  1,670  feet.  Prom  the  latter  horizon  it  rose  within  200  feet  of  the 
surface. 

.  The  city  of  South  Bend  obtains  its  water  supply  from  about  30 
flowing  wells,  situated  along  the  valley  of  the  St.  Joseph  River.  The 
wells  have  a  depth  of  100  to  125  feet,  with  an  average  of  about  110 
feet.  They  are  obtained  in  gravel  beneath  a  bed  of  clay  20  to  40  feet 
in  thickness,  which  acts  as  a  cover  and  prevents  contamination  of  the 
water.  This  clay  is  probably  a  water  deposit  rather  than  a  glacial 
deposit,  as  it  is  described  as  entirely  free  from  pebbles  of  any  kind. 
The  head  is  sufficient  to  carry  the  water  above  the  surface  only  on 
the  low  ground  along  the  river  bottom,  about  670  feet  above  tide. 
The  gravel  plain  on  which  the  city  was  built  stands  20  to  30  feet  or 
more  above  the  height  to  which  the  water  will  rise. 

The  privatiC  wells  in  South  Bend  are  often  obtained  without  pene- 
trating a  bed  of  clay,  and  the  ground  water  is  usually  at  sufficient 
height  to  easily  receive  the  leaching  from  cesspools.  Such  wells  may 
become  a  source  of  danger  to  the  health  of  the  city. 

Wells  in  the  city  of  Mishawaka  are  also  situated  on  a  gravel  plain, 
and  are  usually  about  20  feet  in  depth,  and  the  water  stands  within 
12  feet  of  the  surface.  There  appear  in  the  majority  of  cases  tiO  be 
no  beds  of  clay  or  other  impervious  material  to  prevent  contamination 
of  the  water  from  cesspools.  The  St.  Joseph  River,  drawn  upon  for 
Are  protection  and  irrigation,  might  easily  be  made  to  furnish  the 
supply  for  domestic  use. 

Wells  on  Portage  Prairie,  a  gravel  plain  in  the  northwest  part  of 
the  county,  are  usually  60  or  80  feet,  and  seldom  less  than  40  feet,  in 
depth.  A  well  on  this  prairie,  at  Mr.  Womer's,  near  the  State  line, 
174  feet  in  depth,  has  the  following  section: 

FOet. 

1.  Sand  and  gravel,  with  water  near  bottom 67 

2.  Bine  clay  and  blae  qnicksand 99 

8.  Gravel  and  sand,  with  water 8 

Total : 174 

1  Eleventh  Aim.  Bept.  U.  &  GeoL  Survey,  188(MI0,  Pttrt  I,  IWl,  p.  784. 
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Wells  on  the  gravel  plain  west  of  the  Maxinkuckee  moraine,  near 
North  Liberty,  nsnally  enter  clay  below  the  gravel  at  about  20  feet. 
Two  wells  in  the  Potato  Creek  valley,  east  of  North  Liberty,  obtain 
flows  of  water  from  depths  of  45  and  70  feet. 

Wells  at  Walkerton,  also  on  the  gravel  plain,  obtain  water  at  20  or 
30  feet.  The  water  surface  is  usually  nearly  20  feet  from  the  mouth 
of  the  well,  but  even  this  depth  is  not  sufficient  to  insure  freedom 
from  contamination,  there  being  no  impervious  stratum  above  the 
water  vein. 

A  well  on  the  gravel  plain  between  Walkerton  and  North  Liberty, 
in  sec.  5,  T.  35,  R.  1  E.,  160  feet  in  depth,  is  mainly  through  sand 
and  gravel.  The  water  rises  nearly  to  the  surface.  Wells  in  that 
vicinity  usually  obtain  water  at  10  to  20  feet.  One  well  near  Walker- 
ton, however,  failing  to  obtain  water  in  the  surface  gravel,  passed 
through  a  i>ebbleless  blue  clay  50  feet  in  thickness,  obtaining  water 
at  a  depth  of  70  or  80  feet. 

Records  of  two  deep  wells  were  obtained  on  the  Maxinkuckee 
moraine,  about  8  miles  south  of  South  Bend,  in  sec.  17,  T.  36,  R.  2  £. 
One  at  Mr.  Sweeney's,  131  feet  in  depth,  after  penetrating  22  feet  of 
yellow  till,  XMUsses  through  alternations  of  sand  and  blue  till  for  about 
100  feet  before  reaching  the  coarse  gravel.  The  other  well,  at  Mr. 
McClelland's,  has  a  similar  section  and  is  146  feet  in  depth. 

On  the  plain  east  from  the  Maxinkuckee  moraine  many  wells  are 
but  15  to  20  feet  in  depth,  and  enter  sand  or  gravel  below  till  near  the 
bottom.    A  few  tubular  wells  are  80  or  100  feet  in  depth. 

ELKHART  COUNTY. 

Qeneral  statement. — ^Elkhart  County  is  situated  immediately  east  of 
St.  Joseph  County,  on  the  north  boundary  of  the  State,  and  has  an  area 
of  470  square  miles.  Like  St.  Joseph  County,  a  large  portion  of  its  sur- 
face is  a  gravel  plain.  The  most  extensive  gravel  plain  is  that  along 
the  St.  Joseph  River,  in  the  northwest  part  of  the  county,  which  com- 
prises an  area  of  more  than  100  square  miles.  There  is  also  a  gravel 
plain  along  the  Elkhart  River  from  the  southeast  comer  of  the  county 
northwestward  to  the  St.  Joseph  gravel  plain.  From  the  Elkhart 
gravel  plain  there  are  extensions  southward  into  Kosciusko  County, 
past  New  Paris  and  Milford,  and  southeastward  into  Noble  County 
near  Cromwell.  This  system  of  gravel  plains  comprises  an  area  of 
fully  100  square  miles.  There  is  also  a  narrow  gravel  plain  along 
Little  Elkhart  River,  in  the  northeast  part  of  the  county.  About 
half  the  county  is,  therefore,  embraced  in  the  gravel  plains.  The 
uplands  consist  of  a  till  plain  having  an  area  of  about  125  square 
miles,  situated  in  the  southwest  part  of  the  county,  and  of  morainic 
belts,  with  small  areas  of  nearly  plain  surface,  occupying  an  area  of 
about  150  square  miles  in  the  eastern  and  southern  parts  of  the 
county.    The  altitude  of  the  gravel  plains  is  mainly  below  the  800-foot 
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contour.  The  uplands  are  mainly  between  800  and  900  feet  above 
tide,  though  small  areas  on  the  moraines  in  the  eastern  and  north- 
eastern parts  of  the  county  rise  above  900  feet. 

The  thickness  of  the  drift  is  known  at  three  points — Elkhart  and 
Goshen,  and  near  New  Paris,  where  it  is  122, 162,  and  90  feet,  respec- 
tively. Should  the  rock  surface  of  the  entire  county  be  as  low  as  at 
these  wells,  the  thickness  of  the  drift  would  average  fully  200  feet. 

Indivichwl  wells, — ^At  Elkhart  the  majority  of  wells  are  about  30 
feet  in  depth.  They  penetrate  sand  and  gravel  for  20  feet  or  more, 
when  a  thin  bed  of  clay  is  usually  found  as  a  cover  for  the  water- 
bearing gravel.  The  mayor  reports  that  he  considers  the  clay  a  pro- 
tection against  contamination. 

A  few  wells  in  Elkhart  have  been  put  down  to  a  depth  of  100  to  120 
feet,  which  have  suf&cient  head  to  overflow  on  the  low  ground  near 
the  streams.  They  penetrate  usually  a  large  amount  of  blue  clay,  and 
obtain  water  in  a  coarse  gravel  or  cobble  near  the  base  of  the  drift. 
The  water  from  these  flowing  wells  is  chalybeate. 

At  Goshen  the  city  water  supply  is  from  a  large  well,  34  feet  in 
depth  and  30  feet  in  diameter.  After  penetrating  a  few  feet  of  sur- 
face sand,  it  passes  through  19  feet  of  blue  clay,  which  is  thought  to 
insure  its  freedom  from  contamination.  The  water  is  obtained  from 
a  coarse  sand  beneath  the  blue  clay.  Its  head  is  sufficient  to  bring  it 
to  the  level  of  the  well  mouth. 

One  of  the  gas-well  borings  at  Gk>shen  was  carried  only  to  the  Lock- 
port  limestone,  where  salt  water  was  struck  which  rose  to  the  surface. 
Another  gas-well  boring  in  that  city  was  carried  to  a  depth  of  239  feet 
into  the  Trenton  (Phinney).  So  far  as  known  no  use  is  made  of  the 
water  from  either  of  these  wells. 

In  the  vicinity  of  Mlddlebury,  in  the  eastern  part  of  the  county,  on 
the  elevated  portions  of  the  moraine,  tubular  wells  are  usually  80  or 
100  feet  deep  and  penetrate  a  large  amount  of  till. 

A  well  on  the  border  of  the  St.  Joseph  gravel  plain  in  the  northeast 
part  of  the  county,  in  sec.  27,  T.  38,  R.  7  E.,  is  mainly  through  gravel 
to  a  depth  of  65  feet.  Wells  on  this  plain  are  usually  but  15  or  20 
feet. 

Near  New  Paris,  on  the  border  of  a  morainic  ridge,  one  well  pene- 
trates till  to  a  depth  of  110  feet,  another,  1  mile  north.  102  feet  in 
depth,  is  mainly  in  sand  and  gravel.  It  is  thought  to  have  struck 
rock  at  about  90  feet.  The  morainic  tracts  in  that  vicinity  usually 
contain  more  gravel  and  sand  than  till.  Enolls  are  often  composed 
largely  of  gravel.  In  the  eastern  and  northeastern  part  of  the  county 
the  morainic  tracts  contain  a  larger  proportion  of  till. 

The  upland  plain  in  the  southwestern  portion  of  the  county  is  a 
continuation  of  the  plain  of  southeastern  St.  Joseph  County,  and  its 
wells  have  similar  depth  and  structure,  being  through  till  for  a  dis- 
tance of  20  or  25  feet,  when  a  water-bearing  sand  or  gravel  is  struck. 
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Id  some  cases  wells  are  obtained  at  about  10  feet  in  a  bed  of  sand  or 
gravel  between  the  yellow  and  blue  till.  A  few  tubular  wells  have 
been  sunk  to  a  depth  of  80  or  100  feet  to  a  water-bearing  sand  or  gravel 
below  a  sheet  of  blue  till. 

LAQRANGE  COUNTY. 

General  stcdement. — ^Lagrange  County  is  situated  immediately  east 
of  Elkhart,  on  the  north  boundary  of  the  State,  and  has  an  area  of 
384  square  miles.  It  is  one  of  the  most  elevated  counties  in  the  State, 
the  greater  part  of  its  surface  being  above  the  900-foot  contour,  while 
several  tracts  in  the  eastern  part  of  the  county,  aggregating  an  area 
of  x>erhaps  75  square  miles,  stand  above  the  1,000-foot  contour.  It 
has  several  small  morainic  belts,  formed  by  the  Saginaw  lobe  during 
its  recession.  It  has  also  conspicuous  morainic  hills  in  its  north- 
western comer  and  on  the  eastern  border  of  the  county.  There  is  one 
extensive  gravel  plain  in  the  county,  traversed  by  Pigeon  River.  It 
lies  on  the  southwest  border  of  a  prominent  Saginaw  moraine,  which 
occupies  ndrtheastem  Lagrange  County  and  passes  northwestward 
into  Michigan.  This  plain  has  a  breadth  of  2  to  6  miles  and  traverses 
nearly  the  entire  width  of  the  county,  a  distance  of  over  20  miles. 
Aside  from  this  main  gravel  plain  there  are  small  areas  underlain  by 
gravel,  one  of  which,  known  as  the  Haw  patch,  covers  several  square 
miles  on  the  southern  boundary  of  the  county;  another  borders  the 
Little  Elkhart  River  in  the  western  part  of  the  county. 

So  far  as  known  to  the  writer,  the  bottom  of  the  drift  has  been  reached 
by  only  one  boring  in  this  county,  though  it  has  been  penetrated  to  a 
depth  of  200  feet  in  several  wells,  and  there  are  numerous  wells  100 
feet  or  more  in  depth.  It  is  thought  by  Dr.  C.  R.  Dryer*  that  a  farm 
well  in  southwestern  Lagrange  County  may  enter  black  shale  at  150 

feet. 

Individual  weUs. — On  the  strong  morainic  belt  in  the  northwest 
part  of  the  county  the  sharpest  knolls  are  usually  made  up  of  gravel 
and  sand,  but  those  of  gentler  contour  often  contain  till.  The  wells 
vary  greatly  in  depth,  some  being  but  15  or  20  feet,  while  others  are 
50  to  75  or  more.  On  the  overwash  gravel  plain  south  of  this  moraine 
weUs  are  obtained  in  gravel  at  about  20  feet. 

In  a  feeble  moraine  on  the  north  side  of  Little  Elkhart  River,  in  the 
western  part  of  the  county,  the  wells  are  usually  about  30  feet  in 
depth;  after  penetrating  10  to  20  feet  of  till  they  enter  sand.  South 
of  Little  Elkhart  River  the  wells  are  mainly  through  till.  The  aver- 
age depth  is  30  or  40  feet,  but  occasional  wells  reach  60  feet. 

In  the  gravel  plain  along  Little  Elkhart  River  the  wells  are  usually 
but  12  to  20  feet  in  depth,  entirely  through  gravel  and  sand. 

At  Lagrange  wells  are  obtained  at  about  100  feet  at  the  city  water- 
works, but  private  wells  seldom  exceed  40  feet.    The  detailed  record 
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of  four  of  the  waterworks  wells,  published  by  Dr.  Dryer,  ^  show  alter- 
nations of  sand  and  gravel  with  till,  in  which  the  thickest  beds  are 
but  20  to  25  feet.  In  well  No.  1,  92  feet  in  depth,  the  gravel  beds 
amount  to  32  feet,  the  thickest  bed  being  12  feet  in  the  upper  part  of 
the  section.  In  well  No.  2,  102  feet  in  depth,  the  gravel  and  sand 
amount  to  47  feet,  of  which  17  feet  occur  at  the  bottom  of  the  well. 
In  well  No.  3,  98  feet  in  depth,  the  sand  and  gravel  amount  to  34 
feet.  In  well  No.  4,  111  feet  in  depth,  the  sand  and  gravel  amount 
to  33  feet.  These  wells  are  within  the  area  of  an  ordinary  town  lot, 
and  yet  Dr.  Dryer  reports  that  the  majority  of  strata  can  not  be  cor- 
related in  any  two  of  them.  In  well  No.  1  there  are  6  beds  of  gravel; 
in  wells  Nos.  2-4,  but  5  beds  of  sand  and  gravel. 
A  well  near  the  jail  at  Lagrange  penetrates — 

F66t>. 

1.  YeUowtni 8 

2.  Dry  sand 80 

8.  Gravel  with  water 3 

Total 40 

A  prospect  boring  for  artesian  water  at  the  jail  penetrated — 

1.  YeUowtill 16 

2.  BlnetiU,  with  thin  beds  of  sand 60 

8.  A  brown  mold  or  soil 4 

4*  Cemented  gravel 5 

6.  Loose  gravel  with  water 8 

6.  Blnetill 46 

7.  Cemented  gravel 8 

8.  Dry  sand  and  gravel 70 

Total 205 

The  boring  was  abandoned  without  obtaining  a  flow  or  reaching 
rock  strata. 

A  well  on  a  sharp  morainic  ridge  about  4  miles  east  of  Lagrange, 
202  feet  in  depth,  failed  to  find  water.  Another  well  on  the  same  farm 
obtained  water  at  175  feet.  Both  wells  were  mainly  through  till.  A 
neighboring  well,  only  62  feet  in  depth,  obtained  water  in  gravel 
below  till  at  about  60  feet. 

A  well  for  Dr.  Drake,  one-half  mile  north  of  Valentine,  has  the 
following  section: 

Feet. 

1.  Sandy  yellow  till •. 10 

2.  Blnetill 41 

8.  Ghravel  with  inflammable  gas 8 

4.  Bine  clay... 46 

6.  Black  mnck  with  leaves  and  inflammable  gas 6 

6.  Soft  bine  clay 24 

7.  Water-bearing  sand,  coarse  at  bottom 10 

Total 140 

1  Eighteenth  Ann.  Bept  Indiana  OeoL  Survey,  pp.  80-8L 
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A  well  in  the  sontheast  part  of  the  county,  one-half  mile  east  of 
South  Milford,  penetrates — 

Feet. 

1.  Sandy  yellow  till 20 

2.  Bine  till 49 

3.  Very  fine  sand 20 

Total 89 

A  similar  fine  sand  was  found  in  the  well  at  Joseph  Byer's,  4  miles 
north  of  Wolcottville,  at  30  to  108  feet  from  the  surface. 

A  well  in  the  west  part  of  Milford  Township,  3  miles  north  of  county 
line,  97  feet  in  depth,  is  largely  through  sand,  gravel,  and  cobble. 

In  the  vicinity  of  Pretty  Lake  and  Long  Lake,  in  Milford  Township, 
in  the  southeast  part  of  the  county,  there  are  gravel  plains  on  which 
wells  obtained  water  at  30  or  40  feet  without  reaching  the  bottom  of 
the  gravel.  On  bordering  districts  wells  usually  penetrate  25  to  40 
feet  of  till  before  reaching  a  water-bearing  gravel. 

Dr.  Dryer  reports  the  occurrence  of  coal  in  the  drift  beds  in  the 
southwest  part  of  the  county  at  depths  of  76  feet  in  two  neighboring 
wells  under  which  beds  of  water-bearing  gravel  occur.  A  boring  on 
a  neighboring  farm  is  thought  to  strike  shale  at  150  feet. 

STEUBEN   COUNTY. 

General  statement. — Steuben  County  is  situated  in  the  extreme 
northeast  corner  of  the  State,  having  Michigan  on  its  northern  and 
Ohio  on  its  eastern  boundary.  On  its  western  border  is  Lagrange 
and  on  its  southern  border  Dekalb  County.  Its  area  is  about  330 
square  miles.  The  entire  county,  except  a  valley  in  its  southeast 
corner,  stands  above  the  900-foot  contour,  and  a  portion  of  it  rises 
above  1,100  feet,  with  occasional  x)oint8  1,150  feet  or  more.  It  is 
estimated  that  at  least  one-half  of  the  county  stands  above  the  1,000- 
foot  contour.  The  great  elevation  of  this  county  is  not  due  to  an 
elevated  rock  surface,  but  to  the  heavy  accumulations  of  drift.  Its 
western  half  is  occupied  by  the  great  interlobate  moraine  formed 
between  the  Erie  lobe  and  the  Saginaw  lobe. 

The  topography  of  the  western  half  of  the  county  is  of  the  knob- 
and-basin  type^  and  several  lakes  are  inclosed  among  the  morainic 
knolls  and  ridges.  These  lakes  have  the  advantage  of  beautiful 
scenery,  pure  water,  and  an  excellent  stock  of  fish.  They  are  justly 
the  pride  of  the  inhabitants  of  the  county.  The  largest  lake,  James 
Lake,  has  a  length  of  5  miles  and  an  average  width  of  half  a  mile. 
It  is  situated  near  the  north  line  of  the  county  and  surrounded  by 
sharp  morainic  knolls,  which  rise  in  places  to  a  height  of  more  than 
100  feet  above  its  surface.  About  this  lake  is  a  group  of  smaller 
ones,  among  which  Jimerson,  Crooked,  Loon,  Center,  and  Gage  lakes 
are  worthy  of  mention.  These  lakes  are  all  tributary  to  Pawn  River 
and  discharge  northwestward.    South  of  them  is  a  chain  of  lakes. 
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which  are  traversed  by  Pigeon  River.  Pleasant  Lake,  the  most  con- 
spicuous of  these  lakes,  is  about  1  mile  in  length  and  one-fourth 
mile  in  average  width.  Below  this  lake  the  stream  passes  through 
Golden  Lake  and  Hogback  Lake,  the  latter  receiving  its  name  from 
a  precipitous  ridge  of  bowlders  and  gravel  which  stands  on  its  shore. 
In  the  extreme  southwestern  part  of  the  county  is  another  chain  of 
lakes  drained  by  Turkey  Creek,  a  south  tributary  of  Pigeon  River. 
The  largest  of  these,  Big  Turkey,  has  a  Length  of  about  2^  miles  and 
a  maximum  width  of  one-half  mile. 

A  moraine  of  the  Lake  Erie  lobe  traverses  the  eastern  part  of  the 
county  in  a  north  to  south  direction.  This  has  gentler  contoura  than 
the  interlobate  moraine,  but  incloses  several  lakelets  among  its 
knolls  and  ridges.  The  most  conspicuous  are  Clear  Lake,  in  the 
northeast  corner  of  the  county,  having  an  area  of  about  2  square 
miles,  and  Fish  Lake,  in  the  southeast  comer,  having  an  area  of  a 
little  more  than  1  square  mile.  These  lakes  are  tributary  to  the 
St.  Joseph-of-the-Maumee  River.  A  detailed  discussion  of  the  sev- 
eral lakes  just  mentioned,  with  observations  on  the  size,  depth,  and 
character  of  their  bottoms,  is  presented  by  Dr.  Dryer  in  his  report 
on  Steuben  County.  ^  To  this  report  the  writer  is  indebted  for  the  data 
concerning  the  dimensions  of  the  lakes.  It  is  suggested  by  Dr.  Dryer 
that  the  city  of  Fort  Wayne  could  find  no  better  source  of  water 
supply  than  these  lakes  in  the  southern  part  of  Steuben  Count3\ 

The  only  level  land  in  the  county  of  notable  extent  is  found  in  a 
narrow  plain  lying  between  the  interlobate  moraine  and  the  Erie 
moraine  just  mentioned.  It  has  a  breadth  of  2  to  5  miles  and  extends 
the  entire  length  of  the  county. 

The  valleys  of  Fawn  River,  Pigeon  River,  Turkey  Creek,  and  Fish 
Creek  traverse  gravelly  districts,  in  which  wells  may  be  obtained  at 
comparatively  slight  depth.  The  interlobate  moraine  varies  greatly 
in  the  constitution  of  its  drift  and  in  the  depth  at  which  water  may  be 
obtained.  Wells  are  not,  however,  as  a  rule,  difficult  to  obtain,  their 
average  depth  being  not  more  than  30  or  40  feet.  On  the  Erie  moraine, 
in  the  easteim  part  of  the  county,  and  also  on  the  plain  west  of  it,  the 
drift  is  largely  a  compact  till,  and  the  wells  are  not  infrequently  put 
down  to  a  depth  of  100  feet  or  more. 

So  far  as  known  no  wells  in  the  county  have  reached  rock,  but  the 
greatest  ascertained  depths  are  not  more  than  160  to  175  feet. 

Individual  wells. — Wells  in  the  vicinity  of  Angola  present  much 
variety  in  material  penetrated.  Immediately  north  of  the  city  is  a 
small  district  where  they  obtain  water  at  depths  of  20  or  30  feet.  Some 
wells  in  the  city  also  obtain  water  at  slight  depth  after  penetrating  a 
few  feet  of  till.    Several  wells  are  put  down  to  depths  of  80  to  100  feet 
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or  more.    A  well  at  the  Tri-State  Normal  College  has  the  following 
section: 

Feet. 

1.  Yellow  till 20 

a.  Bine  till 8 

3.  Reddish  gravelly  day,  with  thin  beds  of  sand 75 

4.  Gravel  with  water 6 

Total 104 

A  well  on  the  moraine  west  of  Angola,  near  Fox  Lake,  130  feet  deep, 
was  mainly  in  till.  A  well  3  miles  north  of  Angola,  of  the  same  depth, 
was  mainly  in  sand  and  gravel.  On  a  gravel  plain  on  sonth  side  of 
Turkey  Lake  two  wells  have  a  depth  of  114  feet,  largely  through  till 
after  i>enetrating  a  few  feet  of  surface  gravel.  A  well  on  an  elevated 
part  of  the  moraine  west  of  Turkey  Lake  in  section  33,  Salem  Town- 
ship, 90  feet  in  depth,  was  mainly  in  till.  A  well  2  miles  southeast  of 
Salem  Center,  160  feet  in  depth,  penetrates  yellow  or  gray  till  40  feet, 
below  which  it  was  mainly  in  blue  tiU. 

Near  Hudson  wells  80  feet  in  depth  penetrate  about  30  feet  of  sand 
and  gravel  and  then  enter  blue  till.  A  well  3  miles  west  of  Hudson, 
100  feet  in  depth,  was  mainly  till. 

Wells  near  Metz,  in  the  eastern  part  of  the  county,  are  frequently 
100  feet  in  depth,  mainly  till.  One  well  2  miles  southwest  of  Metz, 
103  feet  in  depth,  is  in  till  to  within  2  to  3  feet  of  bottom. 

Wells  in  the  vicinity  of  Fish  Lake,  in  the  southeastern  part  of  the 
county,  obtain  water  in  gravel  at  15  to  25  feet.  But  within  2  miles 
back  from  the  lake  are  frequently  through  till  to  a  depth  of  100  feet 
and  occasionally  150  feet. 

DEKALB  COUNTY. 

General  statement. — Dekalb  County  is  situated  on  the  eastern  bound- 
ary of  the  State,  immediately  south  of  Steuben.  It  has  an  area  of  370 
square  miles.  Its  northwestern  corner  is  occupied  by  the  interlobate 
moraine  of  the  Erie  and  Saginaw  lobes.  The  higher  part  of  the 
moraine  rises  above  the  1,000- foot  contour,  but  its  eastern  border 
stands  only  about  900  feet.  The  greater  part  of  the  county  is  occu- 
pied by  a  till  plain,  standing  about  850  to  900  feet  above  tide.  In  the 
southeastern  part,  on  the  borders  of  the  St.  Joseph-of-the-Maumee, 
are  two  moraines  of  the  Erie  lobe,  but  they  rise  scarcely  25  feet  above 
the  border  plains. 

Over  the  greater  part  of  the  county  there  is  a  sheet  of  till  extending 
to  an  average  depth  of  about  50  feet  from  the  surface,  in  which  water 
is  cieldom  obtained  in  large  amount.  Below  this  sheet  of  till  the  drift 
api)ears  to  be  very  largely  sand  and  gravel  and  yields  an  unlimited 
amount  of  water.  There  are  narrow  belts  or  small  areas,  usually 
bordering  the  valleys,  in  which  water  may  be  obtained  in  gravel  or 
sand  at  comparatively  slight  depth. 
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The  thickness  of  the  drift  in  this  county  has  been  determined  at 
four  villages,  as  follows:  Butler,  378  feet;  Waterloo,  365  feet;  Auburn, 
280  feet;  Garrett,  318  feet.  A  boring  in  the  extreme  southeastern 
part  of  the  county,  near  Spencerville,  was  carried  to  a  depth  of  198 
feet  without  reaching  rock.  A  boring  at  Eendaliville,  just  west  of 
this  county,  penetrated  485  feet  of  drift.  These  bortngs,  together 
with  the  four  which  strike  rock  within  the  county,  have  sufficiently 
wide  distribution  to  justify  the  interpretation  that  the  drift  of  the 
county  probably  averages  over  300  feet  in  thickness,  and  may  possibly 
average  400  feet.  The  four  borings  which  enter  the  rock  are  on  a  till 
plain  which  stands  more  than  100  feet  below  the  elevated  northwestern 
portion  of  the  county.  The  rock  floor  in  but  one  instance  (at  Auburn) 
stands  above  the  level  of  Lake  Erie. 

Individual  wells. — The  gas  boring  at  Butler  is  reported  by  Dr.  Dryer 
to  have  the  following  section : 

Feet. 

1.  Hardpan  (till) 15 

2.  Gravel  and  coarse  sand 275 

8.  Bed  quicksand 40 

4.  Compact  clay 45 

5.  Cobblestones  and  bowlders 8 

6.  Blackshale 108 

7.  Limestone 1,064 

8.  Shale 600 

9.  Trenton  limestone  penetrated 89 

Total 2,189 

Water  in  large  amount  is  found  in  the  glacial  drift.  Salt  water  was 
struck  in  the  Trenton. 

The  water  wells  in  the  vicinity  of  Butler  usually  obtain  their  supply 
from  depths  of  20  to  35  feet,  though  they  are  occasionally  put  down 
to  a  depth  of  150  feet.  In  the  northern  part  of  the  county,  6  or  8  miles 
northwest  from  Butler,  wells  are  through  till  to  a  depth  of  60  or  80  feet 
before  striking  water-bearing  gravel  or  sand.  The  record  of  a  well  3 
miles  south  of  Hudson  was  also  obtained,  which  penetrated  75  to  80 
feet  of  till. 
At  Waterloo  the  drift  at  the  gas  well  is  as  follows: 

Feet. 

1.  Till 40 

2.  Sand  and  gravel  with  water 270 

8.  Blue  clay  without  pebbles .—    45 

4.  Gravel  and  cobble 10 

Total 806 

At  Auburn  two  gas  wells  each  penetrate  about  280  feet  of  drift, 
which  is  largely  till  in  its  upper  half  and  largely  sand  and  gravel  in 
lower  half. 

There  are  occasional  shallow  flowing  wells  in  the  vicinity  of  Auburn 
on  low  ground  on  the  border  of  Cedar  Creek,  water  being  obtained 
from  the  gravel  below  the  till.  The  head  is  seldom  more  than  2  to  5 
feet  below  the  surface  in  that  locality. 


LBVMBmr.]  NOBLE   COUNTY.  31 

The  gas  boring  at  Oarrett  penetrates  about  50  feet  of  till,  beneath 
which  is  200  feet  or  more  of  sand,  with  a  thin  bed  of  gravel  at  the 
bottom  of  the  drift.  This  sand  and  gravel  afford  a  large  amount  of 
water.  In  Garrett  water  is  often  obtained  at  40  feet,  but  the  wells 
are  in  some  cases  75  to  100  feet.  North  and  west  from  Garrett  there 
are  extensive  marshes  with  sandy  borders,  where  wells  are  obtained 
at  slight  depth  without  entering  the  till. 

Along  Cedar  Creek  Valley,  in  the  southern  part  of  Dekalb  County, 
water  is  usually  obtained  at  30  or  40  feet.  The  wells  penetrate  more 
gravel  than  till,  though  both  are  present. 

A  well  in  the  southeastern  part  of  the  county,  near  the  village  of 
St.  Joseph,  and  but  a  few  rods  from  the  bank  of  the  river,  110  feet  in 
depth,  is  mainly  through  sand  and  gravel. 

A  well  on  the  farm  of  Christian  Hirsh,  east  of  St.  Joseph  River,  near 
SpencerviUe,  has  the  following  section: 

1,  Yellowtill 10 

2.  BluetiU 59 

3,  Finesand 120 

4.  Gravel 9 

Total 198 

In  that  neighborhood  there  are  perhaps  a  dozen  other  wells  60  to 
100  feet  in  depth,  mainly  through  till. 

NOBLE  COUNTY. 

Chneral  statement. — Noble  County  is  situated  immediately  east  of 
Dekalb  and  has  an  area  of  420  square  miles.  The  entire  county 
has  a  morainic  topography,  the  greater  part  of  it  being  the  inter- 
lobate  moraine  of  the  Erie  and  Saginaw  lobes.  In  the  northwestern 
part  of  the  county  the  Saginaw  moraines  branch  off  from  the  inter- 
lobate  belt,  while  in  the  southeastern  part  an  Erie  moraine  is  parallel 
to  and  closely  associated  with  the  interlobate  belt. 

The  x>ortion  of  the  county  occupied  by  the  interlobate  moraine 
includes  many  lakes,  some  of  which  have  an  area  of  1  to  2  miles  or 
more  each.  The  most  important  ones  are  Crooked,  Tippecanoe,  and 
Loon  lakes,  in  the  southeioi  part  of  the  country,  which  constitute  the 
head  waters  of  Tipi)ecanoe  River.  There  are  several  in  the  northern 
part  of  the  county  and  in  the  adjacent  portion  of  Lagrange  County, 
constituting  the  head  waters  of  Elkhart  River.  A  few  in  the  west- 
em  part  of  the  county  are  also  tributary  to  Elkhart  River.  These 
lakes  are  usually  bordered  by  extensive  marshes,  though  in  a  few 
cases  morainic  knolls  and  ridges  rise  from  their  immediate  borders. 
Those  in  the  southern  part  of  the  county  tributary  to  Tippecanoe 
River  have  less  marshy  borders  than  the  lakes  tributary  to  the  Elkhart, 
and  the  morainic  hills  in  that  portion  of  the  county  also  rise  more 
prominently  above  the  lake  basins  than  in  the  northern  or  western 
portion  of  the  county.     While  the  beauty  of  scenery  does  not  equal 
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that  around  the  lakes  of  Steuben  County,  the  quality  of  the  water  is 
excellent  and  the  lakes  are  well  stocked  with  fish. 

Except  in  the  southeastern  portion  of  the  county  wells  are  usually 
obtained  at  moderate  depths,  seldom  exceeding  50  feet.  The  inter- 
lobate  moraine  and  the  Saginaw  moraines  connected  with  it  contain 
usually  a  large  amount  of  sand  and  gravel  with  the  tilL  The  Erie 
moraine,  on  the  southeast  border  of  the  county,  has  much  less  sand 
and  gravel  associated  with  it,  and  in  consequence  many  wells  need 
to  be  sunk  to  a  depth  of  100  feet  or  more. 

The  thickness  of  the  drift  is  known  at  three  points,  Ligonier,  Een- 
dallville,  and  Albion.  At  Eendallville  it  is  485  feet  and  at  Albion 
375  feet,  but  at  Ligonier  it  is  only  169  feet.  It  seems  probable  that 
the  average  thickness  of  the  drift  for  the  county  may  equal  that  at 
Albion. 

Indimdmil  weUs. — ^The  following  detailed  record  of  the  drift  i)ene- 
trated  at  Albion  was  kept  by  Prof.  W.  B.  Van  Gorder,  of  that  city: 

1.  Yellowclay 10 

2.  Blue  clay 10 

3.  Sand  and  gravel 115 

4.  Blaeclay 20 

5.  Sand  and  gravel,  with  streaks  of  blue  clay 53 

6.  Sand  and  gravel 81 

7.  Bine  clay,  with  thin  beds  of  sand 53 

8.  Gravel 5 

9.  Red  bowlder  clay 15 

10.  Sand 6 

11.  Slate  (?) 1 

12.  Sand 9 

Total 875 

The  water  wells  at  Albion  are  usually  obtained  at  60  to  100  feet  in 
the  sand  and  gravel  below  the  upper  sheet  of  till.  They  penetrate 
from  15  to  30  feet  of  till  at  the  surface.  The  underlying  sand  is  either 
too  fine  or  contains  too  little  water  in  its  upper  portion  to  supply  the 
wells. 

The  drift  at  the  Kendall ville  gas- well  boring  (485  feet),  specimens 
of  which  were  preserved  in  a  glass  tube,  appears  to  be  mainly  sand 
and  gravel  below  a  depth  of  20  feet.  A  record  of  a  water  well  in  this 
village  near  the  gas  well  was  furnished  by  the  driller,  J.  Hart,  and  is 
as  follows: 

1.  Yellow  tiU 10 

2.  Dry  sand 15 

8.  Sand,  with  some  gravel,  but  little  water 60 

4,  Softbluetill 20 

5.  Gravel,  with  large  amount  of  water 4 

Total 108 
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A  still  deeper  well  at  Dr.  Mayer's  residence  in  Eendallville  is 
reported  by  the  driller,  Mr.  Diebolt,  to  have  the  following  section : 

Feet. 

1.  Snrfaceclay 5 

2.  Dry  gravel ._ 20 

3.  Water  gravel 10 

4.  Soft  blue  clay 26 

5.  Water  gravel 20 

ft.  Hard  blue  till 70 

7.  Softblnetill 26 

8.  Water  gravel 10 

Total 186 

A  well  at  Mr.  Henry  Mayer's  in  the  east  part  of  Kendallville,  60 
feet  in  depth,  x>6netrates — 

Feet 

1.  Yellow  till 28 

2.  Blue  quicksand 26 

3.  Ferruginous  crust .-.      1 

4w  Water  gravel 5 

Total 60 

From  these  sections  it  appears  that  the  drift  may  have  considerable 
variability  within  the  limits  of  the  village. 

A  well  about  3  miles  east  of  Kendallville,  in  section  1,  Allen  Town- 
ship, penetrates — 

Feet. 

1.  Yellow  till 14 

2.  Blue-gray  till,  with  thin  beds  of  sand  or  gravel 192 

Total 206 

This  well  is  in  the  Erie  drift  above  referred  to. 

A  weU  4  miles  northeast  of  Eendallville  is  reported  to  penetrate  120 
feet  of  till,  and  one  in  the  extreme  northeast  comer  of  the  county 
75  feet,  before  obtaining  water. 

It  is  rei)orted  by  Mr.  Diebolt  that  the  blue  till  of  the  Erie  drift  found 
south  from  Kendallville  is  much  harder  to  penetrate  than  the  blue  till 
of  the  Saginaw  drift  found  north  and  west  of  that  village.  A  well  1 
mile  south  from  Eendallville  penetrates 


Feet. 

1.  Yellowtill 20 

2.  Hard  blue  till -  40 

3.  Cemented  gravel 15 

4.  Water  gravel 10 

Total 85 

A  well  in  section  17,  Allen  Township,  on  a  prominent  drift  knoll,  is 
177  feet  deep,  mainly  in  till. 

Wells  in  the  vicinity  of  Avilla,  and  for  5  or  6  miles  west  from  that 
village,  are  frequently  put  down  to  a  depth  of  90  or  100  feet,  mainl}"^ 
through  till.  Several  wells  in  the  southeastern  part  of  the  county, 
IBE  21 3 
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in  Swan  and  Greene  townships,  are  reported  to  be  mainly  through  till 
to  a  depth  of  75  to  160  feet.  Dug  wells,  however,  are  often  obtained 
in  that  region  at  a  depth  of  20  to  40  feet  from  thin  beds  of  sand  or 
gravel  included  in  the  till. 

In  the  district  southeast  and  south  from  Albion  records  of  several 
deep  wells  were  obtained.  One  near  Noblesville,  161  feet  in  depth, 
was  entirely  in  till.  Another  in  section  11,  Greene  Township,  was 
in  till  to  a  depth  of  100  feet  before  striking  water-bearing  gravel.  A 
well  in  section  35,  Jefferson  Township,  enters  gravel  below  till  at  63 
feet.  One  in  section  26,  Jefferson  Township,  penetrates  till,  with  thin 
beds  of  sand  or  gravel,  Jo  a  depth  of  102  feet.  One  in  section  16,  Jef- 
ferson Township,  enters  water-bearing  gravel  at  70  feet. 

Northeast  from  Albion,  in  the  vicinity  of  Rome  City,  one  well,  117 
feet  in  depth,  penetrates — 

Feet. 

1.  Sand .-    53 

2.  Soft,  adhesive  blue  clay 40 

8.  Sand  and  gravel 24 

Total 117 

Another,  122  feet  in  depth,  penetrates — 

Feet 

1.  Yellow  till... _ _ : 20 

2.  Softhluetill 45 

3.  Quicksand 8 

4.  Softhluetill 44 

5.  Gravel  with  water. 5 

Total .  122 

A  well  in  section  23,  Wayne  Township,  147  feet  in  depth,  penetrates 
till,  with  thin  beds  of  sand  and  gravel,  its  entire  depth.  Another 
well  in  the  northern  part  of  the  same  section  has  a  depth  of  164  feet 
in  similar  material.  A  well  in  section  27,  117  feet  in  depth,  also  has 
a  similar  section. 

In  the  vicinity  of  Brimfield  the  surface  is  sandy  to  a  depth  of  a  few 
feet,  but  wells  penetrate  a  large  amount  of  till.  One  well,  a  mile  east 
of  Brimfield,  60  feet  in  depth,  is  mainly  in  blue  till. 

A  well  near  Skinner  Lake,  3  miles  east  of  Albion,  penetrates — 

Feet. 

1.  Yellowtill " 12 

2.  Softhluetill 52 

3.  Sand,  with  water 4 

Total 68 

In  the  northwest  part  of  Noble  County,  near  Hawville,  wells  show  a 
variable  structure,  some  being  entirely  in  sand  and  gravel  to  a  depth 
of  30  or  40  feet,  while  others  are  in  till  to  even  greater  depths  before 
striking  a  water-bearing  gravel. 

Wells  in  the  southwestern  part  of  the  county  usually  have  40  to  75 
feet,  more  generally  75  feet,  of  till  at  surface  before  entering  beds 
affording  a  strong  supply  of  water. 
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From  Albion  west  and  northwest  the  drift  appears  to  be  largely  of 
a  gravelly  constitution  and  wells  are  obtained  without  penetrating  to 
great  depth.  At  Ligonier  the  depth  is  about  35  feet.  The  wells  at 
that  village  usually  penetrate  10  to  20  feet  of  till  before  entering  the 
water-bearing  gravel.  This  gravel  is  shown  by  the  gas- well  boring  to 
be  125  feet  in  depth.  There  was  a  large  supply  of  fresh  water  at 
about  200  feet  in  the  gas  boring,  30  feet  below  the  rock  surface. 

KOSCIUSKO   COUNTY. 

Oeneral  staiemenL — Kosciusko  County  is  situated  in  the  middle  por- 
tion of  the  second  tier  of  counties  from  the  north  boundary  of  the 
State,  being  immediately  south  of  Elkhart  County  and  west  of  Noble 
County.  It  has  an  area  of  556  square  miles,  being  exceeded  in  area 
by  only  two  other  counties  in  the  State. 

The  eastern  and  southern  portions  of  the  county  are  situated  on  the 
interlobat«  moraine  of  the  Saginaw  and  Erie  lobe,  except  the  extreme 
southeastern  portion,  which  is  occupied  by  a  moraine  of  the  Erie  lobe 
(the  Mississinewa).  The  northwestern  portion  of  the  county,  com- 
prising about  one-fourth  its  area,  is  occupied  largely  by  gravel  plains 
and  by  marshes.  It  is  much  lower  than  the  moraine,  and  yet  the 
divide  between  the  Wabash  and  the  Lake  Michigan  drainage  systems 
passes  through  it.  The  general  elevation  of  the  plain  is  about  800  feet 
above  tide.     The  moraine  stands  900  feet  or  more  in  its  higher  portion. 

Along  the  interlobate  moraine  in  the  eastern  portion  of  the  county 
there  are  numerous  lakes,  one  of  which,  Turkey  Lake,  has  the  dis- 
tinction of  being  the  largest  lake  in  Indiana.  The  area  is  probably 
about  8  square  miles,  its  length  being  fully  6  miles  and  its  width  a 
mile  or  more.  There  are  probably  a  half  dozen  other  lakes  having 
areas  of  1  to  2  square  miles  each,  among  which  may  be  mentioned 
Wawasee,  Tippecanoe,  Boydstown,  Barbers,  Big  Eagle,  Little  Eagle, 
and  Pike  lakes.  These  lakes  are  bordered  on  one  or  more  sides  by 
morainic  knolls  and  ridges,  but  have  usually  extensive  marshes  on  other 
sides.  Turkey  Lake  lies  on  the  inner  border  of  a  Saginaw  moraine 
that  leaves  the  interlobate  moraine  near  the  border  of  Noble  and  Kos- 
ciusko counties  and  passes  northwestward  into  Elkhart  County. 
Wawasee,  Tippecanoe,  and  Boydstown  lakes  are  situated  on  the  outer 
border  of  the  same  moraine.  These  lakes  have  a  pure  supply  of  water 
and  are  said  to  be  well  stocked  with  fish.  A  biological  survey  of 
Turkey  Lake  is  in  progress  under  the  auspices  of  the  State  University. 
A  few  small  lakes  occur  along  the  interlobate  moraine  in  the  southern 
part  of  the  county,  among  which  may  be  mentioned  Yellow  Creek, 
Beaver  Dam,  Silver,  and  Rock  lakes.  None  of  these  have  an  area  of 
1  square  mile.  They  lie  in  the  midst  of  morainic  knolls  and  ridges, 
with  but  little  marshy  land  on  their  borders. 

This  county  is  as  well  favored,  perhaps,  as  any  in  the  State  in  abun- 
dant supplies  of  water  for  wells  at  shallow  depth.  On  the  plain  in 
the  northwestern  portion  the  wells  rarely  exceed  40  feet  and  are 
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usually  but  10  to  20  feet  in  depth.  Along  the  moraine,  even  in  its 
most  elevated  portion,  it  is  rare  to  find  wells  that  exceed  40  feet  in 
depth.  The  drift  appears  to  consist  more  largely  of  sand  and  gravel 
than  of  till,  unless  it  be  in  the  extreme  southeastern  x>ortion  of  the 
county  occupied  by  the  Erie  moraine. 

The  thickness  of  the  drift  is  known  only  in  the  vicinity  of  Warsaw, 
the  county  seat,  where  gas-well  borings  show  it  to  be  in  one  case  247 
and  in  another  255  f eeL  A  well  3  miles  west  of  Warsaw  penetrates 
243  feet  of  drift. 

Individual  wells, — At  Milford,  on  a  gravel  plain  in  the  northern 
part  of  the  county,  the  wells  have  a  depth  of  about  20  feet,  entirely 
through  gravel  and  sand.  In  the  vicinity  of  North  Galveston,  also  on 
the  gravel  plain,  wells  enter  till  below  the  gravel  at  about  25  feet.  In 
the  vicinity  of  Oswego,  also,  the  bottom  of  the  sand  and  gravel  is 
reached  at  25  feet  or  less.  Water  is  usually  obtained  at  both  these 
villages  and  in  the  intervening  country  near  the  base  of  the  gravel. 
West  from  North  Galveston  the  plain  has  a  till  deposit  at  the  surface, 
being  outside  the  limits  of  the  gravel  overwash.  But  wells  usually 
find  the  water-bearing  sand  and  gravel  at  15  or  20  feet. 

On  Bone  Prairie  the  wells  are  in  some  cases  put  down  to  a  depth  of 
60  feet,  largely  through  till,  there  being  only  a  slight  coating  of  sur- 
face gravel. 

At  Atwood  wells  range  in  depth  from  8  feet  to  40  feet,  but  usually 
obtain  water  below  yellow  till  at  about  20  feet. 

At  Etna  Green  wells  penetrate  20  or  30  feet  of  till  before  entering 
water-bearing  gravel. 

In  the  eastern  part  of  the  county  the  wells  along  the  Tippecanoe 
River  and  southward  for  a  mile  or  two  are  only  10  or  12  feet  in  depth, 
largely  in  sand.  North  from  the  river  they  penetrate  till  to  a  depth 
of  30  to  50  feet. 

On  the  border  of  Turkey  Lake  a  well  40  feet  deep  is  reported  to  have 
penetrated : 

Feet. 

1.  Gravel 13 

2.  Till 38 

8.  Water-bearing  gravel  at  bottom. 

In  the  vicinity  of  Pierceton  wells  occasionally  penetrate  60  feet  or 
more  of  till.  A  tubular  well  1  mile  northeast  of  Pierceton  penetrates 
till  about  100  feet. 

At  Kosciusko  there  is  a  surface  gi*avel  several  feet  in  depth,  but 
wells  usually  pass  through  it  and  an  underlying  till  into  a  deeper 
gravel  at  about  25  feet. 

For  2  to  4  miles  east  from  Warsaw  the  wells  are  largely  through  till 
and  have  a  depth  of  IS  to  40  feet. 

In  the  east  part  of  Warsaw  a  flowing  well  has  been  obtained  on  low 
ground  between  Pike  and  Center  lakes  at  a  depth  of  102  feet.  Its 
head  is  about  4  feet  above  the  surface.     At  one  of  the  gas- well  borings 
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in  Warsaw  there  is  also  a  flow  of  water  discharging  rapidly  from  a 
7-inch  pipe  at  a  height  of  2  feet  above  the  surface.  As  it  contains 
much  sulphureted  hydrogen,  it  is  probable  that  a  portion  of  the  water 
is  from  the  rock  strata.  The  overflow  is  probably  caused  from  acces- 
sion of  water  from  the  drift.  In  both  the  gas-well  borings  at  Warsaw 
the  drift  is  largely  sand,  fllled  with  water. 

In  the  western  x>ortion  of  the  county,  south  from  the  Tippecanoe 
River,  in  the  vicinity  of  Claypool,  Burkett,  and  Men  tone,  wells 
usually  i>enetrate  25  to  40  feet  or  more  of  till  and  occasionally  60  feet. 

MARSHALL  COUNTY. 

Qeneral  statement, — Marshall  County  is  situated  west  of  Kosciusko 
County,  in  the  middle  portion  of  the  second  tier  of  counties  from  the 
north  boundary  of  the  State.     It  has  an  area  of  440  square  miles. 

The  prominent  Maxinkuckee  moraine  leads  through  the  western 
range  of  townships  from  south  to  north.  It  also  swings  southeastward 
near  the  southern  boundary  of  the  county  and  has  its  inner  border 
within  the  limits  of  Marshall  County  as  far  east  as  the  Tippecanoe 
River.  This  moraine  constitutes  the  principal  topographic  feature 
of  the  county,  the  remainder  of  the  county  being  a  gently  undulating 
plain,  with  occasional  slight  ridging  of  the  drift. 

Lake  Maxinkuckee,  from  which  the  moraine  takes  its  name,  is 
situated  in  the  southwestern  township  of  the  county  and  is  sur- 
rounded by  a  series  of  morainic  knolls  and  ridges,  which  add  to  the 
attractiveness  of  its  scenery.  The  lake  occupies  jierhaps  2  square 
miles,  and  its  maximum  depth  is  76  feet.  A  large  number  of  springs 
occur  on  its  borders,  and  its  water  is  remarkably  clear  and  pure. 
The  lake  is  said  to  abound  in  flsh.  On  the  borders  of  the  lake  several 
clubhouses  have  been  built  by  Indianapolis,  Peru,  Plymouth,  and 
other  clubs,  and  summer  cottages  are  numerous  along  its  shore. 

Along  the  border  of  the  lake  several  flowing  wells  have  been 
obtained,  which  rise  to  a  height  of  12  to  30  feet  above  the  lake  sur- 
face. The  first  well  driven  was  only  13  feet  in  depth.  Several  have 
a  depth  of  but  20  or  25  feet.  Others  afe  put  down  to  a  depth  of  50 
to  75  feet.  One  well  has  a  depth  of  160  feet,  and  one  reached  a  depth 
of  203  feet.  There  appear  to  be  several  water  horizons,  but  the  head 
is  no  greater  from  the  deep  wells  than  from  the  shallow  ones,  and  the 
upper  horizon  is  as  strong  as  any. 

Two  other  prominent  localities  for  obtaining  flowing  wells  are 
found  in  this  county,  one  being  along  Yellow  River,  in  the  vicinity 
of  Plymouth,  the  other  along  Yellowbank  Creek,  in  the  vicinity  of 
Teegarden.  Those  in  the  vicinity  of  Plymouth  are  usually  but 
40  or  50  feet.  Those  in  the  vicinity  of  Teegarden  are  40  to  100  feet. 
In  all  cases  the  flowing  wells  are  from  beds  of  sand  or  gravel  beneath 
a  sheet  of  till. 

The  bottom  of  the  drift  has,  so  far  as  known  to  the  writer,  been 


38  WELLS   OP   NORTHERN   INDIANA.  [no.  21. 

reached  in  but  one  locality,  Plymouth,  the  county  seat,  where  a  gas 
boring  entered  rock  at  243  feet. 

Individual  ivells,  — On  the  head  watersof  Yellow  River,  near  Bremen, 
in  the  northeastern  part  of  the  county,  wells  are  usually  but  12  to  20 
feet  in  depth  and  penetrate  mainly  sand  and  gravel. 

At  Bremen,  however,  there  is  a  small  ridge  of  till  on  which  the 
average  depth  of  wells  is  about  40  feet.  One  well  in  the  west  part  of 
the  village  is  100  feet  in  depth,  mainly  blue  till. 

Wells  at  Inwood  are  mainly  through  sand  and  gravel,  though  pene- 
trating thin  beds  of  clay ;  the  depth  ranges  from  20  to  50  feet.  Between 
Inwood  and  Plymouth  the  usual  depth  is  about  35  feet,  water  being 
obtained  in  sand  or  gravel  below  till. 

The  gas  well  at  Plymouth  has  the  following  section  of  drift: 

Vwt. 

1.  Sand  and  gravel ; 40 

2.  Till 50 

8.  Mainly  sand  and  gravel 150 

Total 240 

Flowing  wells  in  the  vicinity  of  Plymouth  are  obtained  in  a  narrow 
belt,  scarcely  40  rods  in  width,  along  the  Yellow  River  bottoms.  They 
usually  penetrate  several  feet  of  sand  at  the  surface,  below  which  are 
alternations  of  till  with  sand  beds.  The  best  flow  is  obtained  at  a  depth 
of  42  to  45  feet. 

The  flowing  wells  along  Yellowbank  Creek  are  found  for  2  or  3 
miles  west  from  Teegarden.  They  penetrate  much  blue  till  before 
reaching  a  water  vein.  The  water  horizon  appears  to  vary  greatly  in 
depth  in  the  several  wells,  there  being  a  range  from  40  feet  to  about 
100  feet. 

In  the  southern  part  of  the  county,  on  the  plain  east  and  north  from 
the  Maxinkuckee  moraine,  water  is  usually  obtained  at  10  to  20  feet. 
At  Tippecanoe  Station,  on  the  borders  of  Tippecanoe  River,  the  depth 
is  but  10  or  15  feet.  In  the  north  part  of  Walnut  Township,  where 
the  surface  is  sandy  and  poorly  drained,  wells  seldom  exceed  10  feet 
in  depth.  In  portions  of  Walnut  Township,  although  surface  bowlders 
abound  as  in  till  tracts,  yet  the  underlying  deposits  are  mainly  sand, 
and  wells  are  found  at  depths  of  10  to  20  feet. 

The  deepest  of  the  flowing  wells  at  Lake  Maxinkuckee  is  at  the  resi- 
dence of  D.  W.  Morman.  At  the  time  of  the  writer's  visit  the  water 
scarcely  reached  the  surface,  20  feet  above  the  level  of  the  lake.  Of 
the  203  feet  penetrated,  fully  90  per  cent  is  thought  to  have  been  till, 
the  sand  beds  being  but  a  few  feet  in  thickness. 

Messrs.  Thompson  and  Lee,  in  their  report  on  Marshall  County,* 
note  two  wells  on  the  northeast  shore  which  have  a  head  31  feet  above 
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the  surface  of  the  lake.    The  wells  are  each  72  feet  in  depth  and  have 
the  following  section: 

Feet. 

1.  SoO  and  yellow  clay 8 

2.  Sand 14 

8.  Bine  clay 38 

4.  Sand  and  gravel 12 

•  

Total 72 

A  short  distance  east  from  these  wells  the  head  in  a  well  50  feet  in 
depth  is  but  19  feet  above  the  lake.  The  well  at  the  Peru  Clubhouse, 
on  the  east  side  of  the  lake,  was  bored  to  a  depth  of  160  feet  and 
obtained  only  a  weak  flow.  At  the  Indianapolis  Clubhouse  a  good 
flow  was  obtained  at  only  27  feet.  At  the  Highland  House  a  well  33 
feet  in  depth  entered  water-bearing  sand  at  a  depth  of  13  feet.  Near 
the  Highland  House  D.  W.  Morman,  of  Indianapolis,  has  several  wells. 
Pour  of  them,  averaging  about  22  feet  in  depth,  are  estimated  to  have 
a  combined  discharge  of  15  barrels  per  minute.  These  wells  feed  a 
ram  which  sui)ply  the  grounds  with  water.  Mr.  Morman  also  has  a 
deeper  well,  with  the  following  section,  in  which  the  flow  is  obtained 
from  the  sand  above  the  blue  clay: 

Feet. 

1.  Yellow  clay 11 

2.  Sand 25 

3.  Blueclay 62 

Total 98 

STARKE  COUNTY. 

General  statement. — Starke  County  is  situated  on  the  eastern  border 
of  the  head  of  the  Kankakee  marsh,  in  the  northwestern  part  of  the 
State.  Its  area  is  about  300  square  miles.  It  is  a  much  lower  district 
than  Marshall  County  on  the  east,  and  the  surface  is  covered  by  sand 
dnnes  or  marshes,  except  in  the  southeast  portion,  where  a  small  till 
plain  occurs  which  is  nearly  free  from  sand.  Underneath  the  sand, 
throughout  the  inhabited  portion  of  the  county,  a  blue  till  is  often 
found  at  depths  of  10  to  40  feet,  but  wells  are  usually  obtained  in 
the  sand  above  the  till. 

A  boring  at  North  Judson,  for  the  purpose  of  obtaining  natural 
gas,  shows  the  drift  to  have  a  thickness  of  198  feet.  A  gas  boring  at 
Knox  also  penetrated  a  large  amount  of  drift,  but  the  precise  depth 
at  which  rock  is  struck  has  not  been  ascertained.  In  both  borings 
till  is  entered  below  the  sand  at  a  slight  depth  and  constitutes  the 
main  part  of  the  drift. 

Individual  wells, — At  Knox,  the  county  seat,  wells  are  obtained  at 
various  depths,  ranging  from  14  up  to  40  feet,  the  deeper  ones  being 
on  sand  ridges  and  the  shallow  ones  on  low  ground  among  the  ridges. 
At  the  gas-well  boring  at  Knox  the  water  rose  nearly  to  the  level  of 
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the  surface,  but  the  pipes  have  been  withdrawn  and  the  well  aban- 
doned.   Some  of  the  shallower  wells  are  very  liable  to  contamination. 

At  North  Judson  the  water  is  obtained  near  the  base  of  the  sand 
at  depths  of  16  to  30  feet,  the  deeper  wells  being  on  sand  ridges. 
There  appears  to  be  a  liability  to  contamination  of  water  in  this  village. 

A  boring  at  the  north  6nd  of  Cedar  Lake,  in  the  southeastern  part 
of  the  county,  is  reported  to  haVe  the  following  section: 

Feet. 

1.  Sand    5 

2.  Blueclay ^- 9i 

a  Sand  and  gravel 8 

4.  Blue  clay 18 

Total _ 851 

Cedar  Lake  is  said  to  have  a  depth  of  34  feet,  with  bowlder  clay  at 
bottom.* 

Near  the  east  border  of  the  county  several  wells  have  been  put 
down  to  depths  of  30  to  100  feet,  mainly  through  till.  The  deepest 
one  (at  Mr.  Pette's,  in  sec.  24,  T.  32,  R.  1  W.),  about  100  feet  in  depth, 
has  the  following  section: 

Feet> 

1.  Yellowtm , 10tol2 

2.  Blue  till 16 

8.  Graysand S2 

4.  Blue  clay 4 

5.  Cemented  sand  and  gravel 15 

Total 97  to  99 

A  mile  north  from  Mr.  Pette's,  at  David  Fetter's,  a  well  penetrates — 

Feet 

1.  Sandy  till 5 

2.  Blue  till 12 

8.  (juicksand 6 

4.  BluetiU 80 

Total 52 

NEWTON  COUNTY. 

Oeneral  statement. — Newton  County  is  situated  on  the  west  border 
of  the  State,  Immediately  south  of  Kankakee  River.  It  has  an  area 
of  about  400  square  miles.  The  northern  third  of  the  county  falls 
within  the  limits  of  the  Kankakee  marsh  and  the  sandy  ridges  which 
form  the  southern  border.  The  central  portion  of  the  county  is  occu- 
pied by  a  moraine  3  to  5  miles  in  width,  which  leads  across  it  from 
west  to  east.  This  moraine  rises  from  50  to  75  feet  above  the  bor- 
dering plains  on  either  side  and  has  a  gently  undulating  surface. 
South  from  the  moraine  is  a  plain  traversed  by  the  Iroquois  River, 
which  extends  southward  beyond  the  limits  of  the  county. 

In  the  sandy  northern  portion  of  the  county  wells  were,  in  the  early 
days  of  settlement,  put  down  to  a  slight  depth  and  obtained  their 
water  in  the  sandj  but  within  the  past  few  years  they  have  been 
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sunk  to  depths  of  50  to  100  feet  or  more,  through  a  sheet  of  blue  till 
which  underlies  the  sand,  to  beds  of  sand  and  gravel  which  furnish  a 
better  quality  of  water  than  that  in  the  surface  sand.  Along  the 
morainic  ridge  wells  are  usually  obtained  in  the  glacial  drift,  but 
have  occasionally  been  put  down  in  the  underlying  rock.  The  dis- 
tance to  rock  is  100  to  150  feet  or  more.  The  best  wells  on  the 
moraine  are  deep  ones,  extending  nearly  to  the  base  of  the  drift. 
The  moraine  appears  to  be  composed  of  a  nearly  solid  bed  of  till.  In 
the  plain  south  of  the  moraine  many  wells  are  sunk  75  to  100  feet  or 
more  to  obtain  a  better  supply  of  water  than  is  afforded  at  shallower 
depths.  On  the  immediate  borders  of  the  Iroquois  River  wells  reach 
a  depth  of  100  feet  without  entering  rock,  but  in  the  southern  portion 
of  the  county  rock  is  often  entered  at  25  feet  or  less.  The  rock 
surface  appears  to  be  generally  much  higher  on  the  southern  borders 
of  the  county  than  in  the  district  north  from  the  Iroquois  River. 

Individual  wells. — Records  of  several  deep  wells  in  this  county  are 
presented  in  the  Twelfth  Annual  Report  of  the  State  Geologist,  and 
are  also  given  below: 

Twelve  wells,  bored  by  Hyer  Brothers,  in  and  near  Kentland,  pen- 
etrated, on  an  average,  the  beds  named  below: 

Feet. 

1.  Son 2 

3.  Yellowclay '. 10 

3.  Blue  glacial  clay 45 

4.  Sharp  sand 2 

Total 59 

Water  rises  to  within  18  or  20  feet  of  the  surface. 
The  well  at  the  public  square  in  Kentland  obtained  a  flow  of  water 
at  300  feet  and  penetrated  the  following  strata: 

Feet. 

1.  Glacial  depoBits 150 

2.  Black  slate 78 

8-  Devonian  limestone , 25 

4.  Upper  Silurian  limestone _.  120 

Total. 868 

At  Kent's  warehouse,  in  Kentland,  an  unsuccessful  boring  for  water 
penetrated : 

Feet. 

1.  Glacial  deposits 82 

2.  Black  slate 80 

Total 162 

A  well  at  Alexander  Kent's,  1  mile  northeast  of  Kentland,  320  feet 
in  depth,  penetrated  182  feet  of  drift.  A  well  on  his  farm,  4  miles 
northeast  of  Kentland,  found  only  50  feet  of  glacial  drift  and  obtained 
water  in  limestone  at  63  feet.  A  well  on  another  farm,  2  miles  south- 
west of  Kentland,  struck  limestone  at  50  feet  and  there  obtained 
water. 
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At  Mr.  Brush's,  3  miles  southwest  of  Eentland,  a  flowing  well  has 
the  following  section : 

Feet. 

1.  Soil  and  yellow  clay 9 

2.  Sand  and  gravel 4 

3.  Blueclay 68 

4.  Hardx>an  gravel 4 

5.  Limestone 1 

Total 86 

Another  flowing  well  was  obtained  at  Mr.  Drake's,  sec.  25,  T.  27, 
R.  9  W.,  3  miles  east  of  Eentland.  After  penetrating  33  feet  of  till 
it  enters  a  bed  of  sand  and  gravel,  from  which  the  flow  is  obtained. 

Several  flowing  wells  have  been  obtained  in  the  Iroquois  Valley  on 
the  overflow  plain  of  the  river.  An  average  section  of  several  of  these 
wells,  furnished  by  David  McEenzie,  their  driller,  is  as  follows: 

Feet. 

1.  Soil  and  sand 14  to  17 

2.  Blueclay SO 

8.  Hardpan  gravel 6 

4.  Blue  sand  with  flow  of  water 4 


Total 53to56 

A  well  near  the  State  line  west  of  Eentland,  reported  by  Mr. 
McEenzie,  penetrates — 

Feet. 

1.  Soil 8 

2.  Yellowclay 6 

8.  Blue  glacial  clay 85 

4.  Bine  glacial  clay  with  partings  of  sand 46 

5.  Gravel  and  fine  sand 3 

Total 88 

A  well  on  Mr.  Peterson's  farm,  near  the  State  line,  in  sec.  11,  T.  28, 
R.  10  W.,  on  a  high  part  of  the  moraine,  referred  to  above,  penetrates 
168  feet  of  drift  without  reaching  the  rock.  Mr.  McEenzie  reports 
the  following  section : 

Feet. 

1.  Soil  and  yellow  clay 6 

2.  Bine  bowlder  clay 154 

3.  Fine  gravel  and  sand  with  water 8 

Total 168 

An  almost  identical  series  was  found  at  Mr.  Besicker's,  in  the  adjoin- 
ing  section  on  the  south,  where  a  well  171  feet  in  depth  was  in  till  to 
a  depth  of  165  feet  before  striking  water-bearing  strata. 

About  5  miles  northwest  from  Eentland,  in  sec.  13,  T.  27,  R.  10  W., 
four  wells  on  the  farm  of  Mr.  J.  V.  Speck  are  reported  to  have  passed 
through  a  brown  swamp  muck  at  the  bottom  of  the  till,  about  80  feet 
below  the  surface,  beneath  which  there  was  water-bearing  sand  and 
gravel. 
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At  Morocco  a  boring  at  the  Creamery  penetrated  127  feet  of  till,  at 
which  depth  limestone  was  entered. 

Several  wells  near  the  range  line  east  of  Morocco,  on  the  north 
slope  of  the  moraine,  enter  rock  at  110  to  120  feet,  after  penetrating 
a  solid  bed  of  till. 

At  Mount  Ayer,  also  on  the  moraine,  near  the  eastern  border  of  the 
county,  many  wells  get  a  good  supply  of  water  in  gravel  at  30  or  35 
feet,  but  a  few  have  been  put  down  to  depths  of  140  to  160  feet.  Mr. 
Ashby's  well  penetrated  120  feet  of  drift  and  20  feet  of  rock,  as  fol- 
lows: 

"Pont 

1.  Yellow  till 10 

2.  Bine  sand 20 

3.  Blue  till 00 

4.  Blue  shale 20 

5.  Hard  flint  rock  at  bottom. 

Total-.., 140 

Mr.  Lewis  Marion's  well  in  the  southwest  part  of  the  village  strikes 
shale  at  139  feet.  W.  J.  Young's  well  strikes  shale  at  about  150  feet, 
and  a  hard  rock  at  1 62  feet.     The  drift  is  mainly  till. 

In  the  vicinity  of  Brooke  a  soft  till  is  penetrated  to  a  depth  of  50  or 
60  feet,  below  which  there  is  a  harder  till,  extending  either  to  the  rock 
or  to  water-bearing  beds.  Several  wells  between  Brooke  and  the  east 
line  of  the  county  overflow  when  on  the  low  bottoms  of  the  Iroquois 
River,  and  rise  nearly  to  the  surface  on  the  plain  that  borders  the 
river.  Their  depth  ranges  from  80  feet  up  to  120  feet  or  more.  Rock 
is  usually  struck  at  100  to  120  feet.  The  following  section  at  J.  B. 
Lyon's,  1  mile  north  of  Brooke,  will  illustrate  the  structure: 

1.  YeUowtiU 10 

2.  Bine  sand,  very  fine 5 

3.  Soft  bine  till 55 

4.  Blue-brown  till '  36 

Total 106 

Rock  was  struck  at  106  feet.    Water  stands  12  feet  below  the  surface. 

In  the  southwest  part  of  T.  27,  R.  8  W.,  and  southeast  part  of 
T.  27,  R.  9  W.,  near  the  south  line  of  the  county,  several  wells  strike 
rock  at  40  or  50  feet  or  less,  and  there  are  occasional  outcrops  of  the 
Lockport  (often  called  Niagara)  limestone  in  low  knolls  rising  a  few 
feet  above  the  level  of  the  bordering  plain.  Eastward  from  there  to 
Goodland  the  drift  appears  to  be  generally  thin.  Rock  is  struck  at 
about  20  feet.  The  wells  which  obtain  their  water  from  the  Lockport 
limestone,  in  the  southern  part  of  the  county,  often  reach  a  depth  of 
250to  300  feet,  and  obtain  a  water  charged  with  sulphureted  hydrogen. 

A  natural  gas  boring  at  Kentland,  1,325  feet  in  depth,  obtained  a 
sulphurous  water  with  head  45  feet  below  the  surface.  It  supplies  the 
waterworks. 
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JASPER  COUNTY. 

Oeneral  statement. — Jasper  County  is  situated  in  the  northwestern 
part  of  the  State,  immediately  east  of  Newton  County  and  south  of 
the  Kankakee  marsh.  Its  area  is  570'  square  miles,  the  second  county 
in  area  in  the  State.  Like  Newton  County,  its  northern  third  is  cov- 
ered by  the  Kankakee  marsh  and  by  sand  ridges  that  form  the  south 
border  of  the  marsh.  Its  central  portion  is  traversed  by  a  continua- 
tion of  the  moraine  that  passes  eastward  across  Newton  County.  Its 
southern  portion  is  a  plain  covered  quite  extensively  with  sand,  which 
in  places  is  drifted  into  dunes. 

In  the  northern  part  of  the  county  the  drift  deposits  are  75  to  200 
feet  in  depth,  but  in  the  central  and  southern  portions,  although  the 
altitude  is  as  great  as  in  the  northern  portion,  the  drift  deposits  are 
generally  quite  thin,  there  being  often  only  a  coating  of  sand  10  to  20 
feet  in  depth.  In  some  wells  in  the  northern  part  of  the  county  (cited 
below),  a  hard  till  is  found  below  the  soft  Wisconsin  till  which  is 
probably  Illinoian  drift. 

Individual  wells, — On  the  borders  of  the  Kankakee  marsh,  in  the 
northern  part  of  the  county,  wells  are  usually  obtained  at  slight  depth 
in  the  sand  deposits.  But  upon  approaching  the  moraine  in  the  cen- 
tral i)ortion  of  the  county  the  sand  has  insuf&cient  depth  to  afford 
good  water,  and  wells  are  accordingly  sunk  to  beds  of  sand  and  gravel 
beneath  the  till. 

Two  wells  at  Surrey  enter  rock  at  about  90  feet.  They  are  mainly 
through  till.  Several  borings  for  gas  2  or  3  miles  north  of  Surrey,  on 
the  edge  of  the  sandy  ridges,  strike  rock  at  80  or  90  feet.  The  drift  is 
mainly  till. 

On  the  crest  of  the  moraine  southeast  of  Surrey  a  well  at  Charles 
Coen's,  sec.  12,  T.  29,  R.  7  W.,  strikes  rock  at  192  feet,  and  there 
obtains  water.  A  well  at  William  Newel's,  in  the  same  section, 
strikes  rock  at  140  feet  and  obtains  water  at  162  feet.  In  both  wells 
the  drift  is  mainly  till. 

In  sec.  30,  T.  30,  R.  6  W.,  on  the  north  border  of  the  moraine,  a 
well  at  Jacob  TJsh's  obtains  water  at  146  feet  without  striking  rock. 
Another  at  George  Marcum's  obtains  water  at  130  feet.  In  both  wells 
a  soft  till  is  penetrated  for  about  90  feet,  below  which  is  a  hard  till, 
extending  to  the  water-bearing  sand  and  gravel.  At  J.  S.  Williams's, 
a  short  distance  north  from  the  wells  just  mentioned,  a  well  was 
obtained  at  the  bottom  of  the  soft  till  at  a  depth  of  97  feet. 

A  well  in  a  low,  marshy  tract  in  sec.  15,  T.  30,  R.  6  W.,  enters  rock 
at  about  75  feet. 

A  well  on  the  moraine  in  sec.  13,  T.  30,  R.  5  W.,  penetrates  102 
feet  of  drift,  mainly  blue  till.  Another  well  in  the  same  section  pen- 
etrates 80  feet.  A  well  at  Mr.  Osborne's,  in  section  1  of  the  same 
township,  has  126  feet  of  drift,  and  one  at  Mr.  Rayburn's,  in  section 
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2, 118  feet.  In  all  these  wells  the  water  is  obtained  at  slight  depth  in 
the  underlying  rock. 

On  the  plain  north  of  the  moraine,  in  sec.  27,  T.  31,  R.  5  W.,  a  well 
at  James  Gill's  enters  rock  at  47  feet,  after  penetrating  considerable 
till. 

Passing  southward  near  the  east  side  of  the  county  to  the  south 
border  of  the  moraine,  the  rock  is  found  to  rise  within  a  few  feet  of 
the  surface.  Wells  in  sec.  3,  T.  29,  R.  5  W.,  penetrate  but  5  to  15 
feet  of  drift.  This  region  of  thin  drift  extends  southward  beyond  the 
limits  of  the  county  and  westward  to  Rensselaer.  Some  of  the  wells 
obtain  their  water  without  entering  the  rock,  but  a  large  number  are 
carried  a  few  feet  into  the  rock. 

Immediately  west  of  Rensselaer  the  rock  surface  suddenly  drops 
down  75  or  100  feet  or  more,  so  that  wells  are  80  to  150  feet  in  drift. 
For  example,  a  well  on  the  south  border  of  the  moraine,  in  sec.  29, 
T.  29,  R.  7  W.,  enters  rock  at  143  feet.  A  well  on  the  plain  south  of 
the  Iroquois  River,  in  sec.  3,  T.  28,  R.  7  W.,  enters  rock  at  about  80 
feet.  The  rock  surface  continues  low  for  several  miles  south  from 
the  Iroquois  River,  in  the  western  part  of  the  county,  and  wells  are 
often  50  to  75  feet  in  depth  without  entering  the  rock. 

In  the  southern  half  of  T.  27,  R.  7  W.,  the  rock  surface  rises  to 
a  greater  altitude  than  in  the  vicinity  of  Rensselaer.  Although  the 
general  elevation  is  about  50  feet  higher  than  at  Rensselaer  and  the 
portion  of  the  county  east  from  that  city,  the  wells  in  this  southern 
end  of  the  county  often  enter  rock  at  10  to  20  feet. 

At  Remington  the  dug  wells  are  usually  12  to  20  feet  in  depth, 
obtaining  water  near  the  base  of  the  drift.  The  drilled  wells  are  75  to 
125  feet  in  depth.  Robert  Parker's  well,  125  feet  in  depth,  has  the 
following  section : 

Feet. 

1.  Drift 18 

3.  Shale 95tol00 

3*  SoHd  Btone,  probably  limestone 8  to   10 

Total - 135 

The  water  rises  from  this  depth  within  18  feet  of  the  surface.  It 
contains  sulphuretM  hydrogen  in  small  amount. 

Wells  for  water  in  the  vicinity  of  Rensselaer  range  in  depth  from 
30  feet  to  200  feet.  They  enter  rock  at  6  to  15  feet.  On  the  low 
ground  along  the  river  several  of  them  have  head  sufficient  to  over- 
flow, but  at  the  general  level  of  the  town  the  water  rises  only  within 
5  or  6  feet  of  the  surface.  A  gas- well  boring  at  Rensselaer  was  car- 
ried to  a  depth  of  1,275  feet,  but  the  boring  is  not  utilized,  although  a 
sulphurous  water  rises  to  the  surface.  This  water  is  probably  from 
the  Lockport  limestone,  as  in  the  water  wells  of  the  vicinity. 
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PULASKI   COUNTY. 

Oeneral  statement, — Pulaski  County  is  situated  in  the  northwestern 
part  of  the  State,  immediately  east  of  Jasper  and  south  of  Stark 
County.  Its  area  is  430  square  miles.  Like  Stark  County,  Pulaski 
is  almost  entirely  occupied  by  sand  ridges  and  marshes,  there  being 
only  small  areas  of  cultivable  land  free  from  sand,  found  chiefly  on 
the  eastern  and  southern  borders  of  the  county.  Although  it  occu- 
pies the  divide  between  the  Kankakee,  a  tributary  of  the  Illinois,  and 
the  Tippecanoe,  a  tributary  of  the  Wabash,  there  is  no  dividing  ridge, 
and  large  tracts  in  the  northwestern  part  of  the  county  might  be 
drained  with  equal  readiness  to  either  stream.  No  adequate  drainage 
lines  have  been  developed  in  the  portion  of  the  county  west  from  the 
Tippecanoe  River.  The  portion  east  from  the  river  is  much  better 
drained. 

Indimdual  wells. — In  the  northwestern  portion  of  the  county  large 
areas  have  never  been  settled.  On  the  tracts  which  are  cultivated 
wells  are  usually  obtained  at  20  to  40  feet  or  less  without  reaching 
the  bottom  of  the  sand.  In  the  southwestern  portion  of  the  county 
the  drift  deposits  are  very  thin,  and  wells  usually  enter  rock  at  10  to 
20  feet.  At  Medaryville,  however,  a  well  at  the  tile  factory  penetrates 
92  feet  of  drift  and  obtains  its  water  supply  from  the  rock  at  115  to 
120  feet. 

In  the  eastern  part  of  the  county  wells  are  usually  obtained  at 
shallow  depths,  either  in  the  sand  or  in  beds  of  sand  and  gravel 
associated  with  the  till. 

At  Winamac,  the  county  seat,  the  wells  often  reach  a  depth  of  50 
to  60  feet.  They  pass  through  10  to  25  feet  of  sand,  or  a  sandy  clay 
loam,  below  which  is  a  bed  of  blue  till,  extending  to  the  water-bearing 
gravel.  The  drift  at  this  point  is  110  feet  in  thickness.  The  gas- 
well  boring,  1,200  feet  in  depth,  obtains  a  flow  of  water  estimated  at  45 
gallons  per  minute.  The  horizon  at  which  the  water  was  found  has 
not  been  ascertained. 

FULTON   COUNTY. 

Oeneral  statement. — Fulton  County  is  situated  near  the  middle  of 
the  third  tier  of  counties  from  the  north  boundary  of  the  State,  imme- 
diately east  of  Pulaski  and  south  of  Marshall  County.  It  has  an  area 
of  380  square  miles. 

The  surface  is  very  diversified.  In  the  western  portion  there  is  a 
till  plain  on  which  occasional  drift  ridges  and  knolls  occur,  and  also  a 
few  sand  ridges.  Along  the  northern  boundary  there  is  the  Maxin- 
kuckee  moraine,  and  in  the  east<ern  and  southeastern  portions  the 
western  slope  of  a  bulky  moraine  formed  by  the  Erie  lobe,  which  con- 
nects in  northeastern  Fulton  County  with  the  Maxinkuckee  moraine 
to  form  the  great  Erie-Saginaw  interlobate  moraine,  which,  as  above 
noted,  leads  northeastward  into  Michigan  through  the  northeastern 
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part  of  Indiana.  West  from  the  junction  of  these  two  moraines  there 
is  much  mai*sh  land  with  sandy  ridges,  which  is  imperfectly  drained 
by  southern  tributaries  of  Tippecanoe  River. 

The  thickness  of  the  drift  is  known  at  Rochester,  in  the  central 
I)ortion  of  the  county,  and  at  Kewanna,  in  the  western  portion.  At 
Rochester  an  artesian  well  at  the  court-house  has  155  feet  of  drift, 
while  a  gas-well  boring,  60  rods  northeast  from  the  court-house,  has 
245  feet.  The  altitude  of  the  two  wells  is  very  nearly  the  same,  and 
in  both  there  are  alternations  of  till  with  sand  and  gravel.  At 
Kewanna  the  drift  is  167  feet  in  one  well  and  208  feet  in  another.  It 
is  largely  assorted  material,  but  contains  beds  of  blue  till. 

Individvxxl  wells. — Very  few  records  of  the  sections  of  wells  were 
obtained  in  this  county,  largely  because  of  their  shallowness.  The 
great  majority  of  wells  are  obtained  at  depths  of  20  or  25  feet;  in 
many  cases  at  12  or  14  feet.  In  the  extreme  northeast  corner  of  the 
county,  however,  there  is  an  area  of  a  township  or  more  on  the  east 
side  of  the  Tippecanoe  River  where  a  compact  till  makes  it  necessary 
to  sink  wells  to  a  depth  of  60  or  80  feet.  In  one  section  six  wells  have 
an  average  depth  of  70  feet.  Another  place  in  which  wells  are  some- 
times difficult  to  obtain  is  found  in  the  northwest  township  of  the 
county,  in  the  Maxinkuckee  moraine,  but  here  it  is  rare  for  a  well  to 
exceed  60  feet  in  depth. 

WHITLEY  COUNTY. 

Oeneral  statement — Whitley  County  is  situated  in  the  northeast- 
ern part  of  the  State,  immediately  west  of  Allen  and  south  of  Noble 
County.     It  has  an  area  of  330  square  miles. 

The  extreme  northwestern  border  of  the  county  is  occupied  by  the 
interlobate  Erie-Saginaw  moraine.  The  remaining  portion  of  the 
northwest  half  of  the  county  is  largely  occupied  by  the  Mississinewa 
moraine  of  the  Erie  lobe,  which  closely  flanks  the  interlobate  moraine. 
The  inner  or  southeastern  border  of  the  Mississinewa  moraine  is  fol- 
lowed more  or  less  closely  by  Eel  River.  The  portion  of  the  county 
lying  east  and  south  of  Eel  River  is  largely  plane  surfaced,  though 
occasional  knolls  and  ridges  of  drift  give  it  some  diversity. 

This  county  is  preeminently  a  clay  county,  there  being  but  limited 
areas  in  which  sand  or  gravel  is  found  at  the  surface  or  at  slight 
depth.  The  drift  to  a  depth  of  50  to  60  feet  or  more  is  usually  a  com- 
pact till  in  which  only  weak  wells  can  b^  obtained.  The  most  con- 
spicuous exception  is  a  narrow  belt  along  Eel  River,  scarcely  more 
than  a  mile  in  width,  in  which  deposits  of  sand  and  gravel  appear  at 
the  surface,  and  strong  wells  are  obtained  at  slight  depth. 

The  thickness  of  the  drift  is  known  at  Columbia  City,  the  county 
seat,  and  at  Larwell,  a  village  about  10  miles  west  from  Columbia 
City.  At  Columbia  City  the  gas  boring  made  on  low  ground  near  Eel 
River  has  224  feet  of  drift,  mainly  sand.     At  Larwell  the  gas  boring 
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made  on  an  elevated  part  of  the  moraine  has  365  feet  of  drift.  At 
this  point  there  is  about  100  feet  of  till  at  the  surface,  below  which 
the  drift  is  mainly  sand  and  gravel.  In  both  wells  large  quantities 
of  water  were  obtained  before  reaching  the  rock.  That  at  Columbia 
City  overflows.  It  is  probable  that  in  the  extreme  southeast  comer 
of  the  county  the  drift  is  less  than  100  feet. 

Individual  wells, — But  few  records  of  wells  were  obtained  in  this 
county,  since  the  sections  appear  to  differ  but  little  in  structure.  The 
compact  till  is  reported  in  the  majority  of  wells  in  every  township  of 
the  county.  Occasionally  considerable  variety  is  found  in  the  dis- 
tance to  the  water  beds  within  the  limits  of  a  single  village,  but  as  a 
rule  no  strong  wells  have  been  obtained  above  the  general  water 
stratum,  50  to  75  feet  below  the  surface. 

At  Churubusco,  in  the  extreme  northeast  part  of  the  county,  the 
deepest  well  is  reported  to  be  80  feet,  while  several  are  50  feet  or 
more. 

At  Collins,  4  miles  southwest  of  Churubusco,  several  wells  are  75 
or  80  feet,  through  till. 

At  Columbia  City,  which  is  situated  near  the  Eel  River  valley,  wells 
often  reach  the  bottom  of  the  till  at  30  or  40  feet. 

The  deepest  water  well  of  which  record  was  obtained  is  on  the  plain 
in  the  southeastern  part  of  the  county,  and  penetrates — 

Feet. 

1.  TiU e? 

2.  Sand  and  gravel,  with  beds  of  till 180 

8.  Water  gravel 5 

Total ^ .      203 

ALLEN  COUNTY. 

Oenercd  stalement. — Allen  County  is  situated  in  the  northeastern 
part  of  Indiana,  on  the  east  border.  Fort  Wayne  is  its  county 
seat.  It  has  the  distinction  of  being  the  largest  county  in  the  State, 
having  an  area  of  650  square  miles. 

The  greater  part  of  the  county  has  a  level  surface,  though  there  are 
two  well-defined  morainic  belts  which  pass  through  it.  The  St.  Marys 
moraine  enters  in  the  southeast  part  and  follows  the  northeast  border 
of  the  St.  Marys  River  to  Fort  Wayne.  It  then  finds  its  continuation 
northward  on  the  east  side  of  the  St.  Joseph  River.  The  Wabash 
moraine  enters  the  county  near  Zanesville,  in  its  southwest  comer, 
and  passes  thence  northward  to  the  old  lake  outlet  near  Aboit.  North 
from  the  outlet  its  coui*se  is  northeastward  along  the  northwest  side 
of  the  St.  Joseph  River.  There  is  a  narrow  plain  in  southern  Allen 
County  between  these  two  moraines,  but  in  northern  Allen  County 
they  are  separated  only  by  the  valley  of  the  St.  Joseph  River.  A 
plain  in  the  northwestern  part  of  the  county  extends  beyond  its  limits 
into  Dekalb  and  Whitley  counties.     The  plain  in  the  eastern  part  of 
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the  county,  formerly  covered  by  the  glacial  lake  which  discharged 
Bouthwestward  to  the  Wabash,  has  a  very  smooth  surface,  with  only 
an  occasional  low  ridge  of  sand  or  bar  of  gravel  formed  by  the  lake 
waters. 

In  the  southern  half  of  the  county  the  thickness  of  the  drift  is 
very  much  less  than  in  the  northern  half,  though  probably  averaging 
not  less  than  75  feet.  At  Fort  Wayne  it  is  60  to  125  feet  or  more. 
Near  the  north  border  of  the  county  the  drift  exceeds  200  feet,  two 
borings  having  reached  that  depth  without  entering  rock.  In  the 
south  part  of  the  county  it  is  in  places  but  20  or  30  feet. 

In  this  county,  as  in  Whitley,  the  greater  part  of  the  drift  pene- 
trated by  wells  is  a  compact  till.  Wells  are,  as  a  rule,  more  easily 
obtained  than  in  Whitley  County.  Along  the  St.  Joseph  River  there 
Is  a  narrow  belt  of  gravelly  land.  There  is  also  a  gravel  plain  of  some 
extent  in  the  northwest  part  of  the  county,  near  Huntertown,  which 
connects  the  gravel  deposits  of  the  Cedar  Creek  valley  with  the  gravel 
belt  on  Eel  River,  thus  crossing  the  continental  divide  between  the 
St.  Lawrence  and  the  Mississippi  basins.  It  is  needless  to  say  that 
there  is  no  ridge  along  this  part  of  the  divide. 

Individtuil  weUs, — A  well  at  the  court-house  in  Fort  Wayne,  sunk 
in  1875  for  artesian  water,  reached  a  depth  of  3,000  feet,  but  its  head 
fell  short  several  feet  of  coming  to  the  surface,  772  feet  above  tide. 
The  drift  at  this  boring  is  88  feet.  A  boring  for  natural  gas  in  the  old 
lake  outlet,  north  of  the  St.  Marys  River  in  Fort  Wayne,  at  an  eleva- 
tion about  750  feet  above  tide,  penetrates  96  feet  of  drift.  One  3  miles 
west,  also  in  the  lake  outlet,  has  90  feet  of  drift.  The  waterworks  of 
Fort  Wayne  are  supplied  from  about  fifty  wells,  some  being  in  gravel 
at  depths  of  40  to  60  feet,  others  in  rock  at  250  to  450  feet.  Abbott's 
gas-well  boring  in  the  eastern  part  of  the  city,  at  an  elevation  nearly 
800  feet  above  tide,  penetrates  106  feet  of  drift.  In  this,  as  well  as 
several  other  borings  in  the  vicinity  of  Fort  Wayne,  the  lower  portion 
of  the  drift  is  found  to  contain  much  sand  and  gravel.  In  one  boring 
near  the  bank  of  the  Maumee  River  Dr.  Dryer  reports  a  flowing  well, 
depth  not  given,  which  upon  a  partial  analysis  shows  hard  water,  with 
a  trace  of  sodium  chloride  and  a  small  amount  of  sulphureted  hydro- 
gen; also  iron  carbonate  in  measurable  amount.^ 

Wells  near  the  county  infirmary,  southwest  of  Fort  Wayne,  on  the 
border  of  the  lake  outlet,  obtain  water  at  25  or  35  feet.  After  pene- 
trating a  few  feet  of  surface  sand  they  are  mainly  through  till.  In  a 
few  cases  the  wells  reach  a  depth  of  60  feet. 

In  the  portion  of  the  county  north  of  the  lake  outlet  and  west  of 
the  St.  Joseph  River  there  is  usually  but  20  or  30  feet  of  till  to  be 
penetrated  before  a  strong  stream  of  water  is  found  in  sand  or  gravel. 
Possibly  a  continuous  sheet  of  gravel  underlies  that  region  at  com- 
paratively slight  depth.     In  one  case  a  boring  near  the  north  line  of 
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the  county,  after  x>enetrating  20  feet  of  surface  till,  was  carried  125 
feet  into  sand  without  reaching  its  bottom. 

Reference  was  made  in  the  discussion  of  Dekalb  County  to  several 
wells  near  Spencerville  which  have  a  depth  of  60  to  100  feet.  Some 
of  these  are  located  in  northern  Allen  County.  The  well  at  Christian 
Hirsh's,  198  feet  deep,  is  very  near  the  county  line.  This  well,  after 
penetrating  70  feet  of  till,  passed  through  120  feet  of  fine  sand  before 
entering  a  material  coarse  enough  to  screen.  Sand  of  such  fineness 
is  frequently  a  greater  obstacle  to  well  drillers  than  a  solid  blue  till 
free  from  water. 

Deep  wells  are  more  common  in  the  northeastern  part  of  the  county 
than  elsewhere,  there  being  a  heavy  sheet  of  till  on  the  moraine  east 
of  the  St.  Joseph  River  and  also  on  the  old  lake  plain.  It  is  not  rare 
to  penetrate  till  60  or  75  feet  before  obtaining  water. 

From  Fort  Wayne  eastward  to  New  Haven  rock  is  usually  encoun- 
tered at  80  feet  or  less.  In  some  cases  wells  are  obtained  at  25  or  35 
feet  in  beds  of  gravel  between  the  sheets  of  till.  There  are  also 
places  where  wells  may  be  obtained  in  the  sand  of  the  old  lake  outlet 
at  depths  of  20  feet  or  less. 

At  the  village  of  New  Haven  the  wells  are  obtained  in  gravel  at  a 
depth  of  about  30  feet.  There  is,  however,  a  well  at  E.  W.  Green's, 
just  east  of  the  village,  situated  on  the  upper  lake  beach,  which  has 
the  following  section: 

Feet. 

1.  Beach  sand  and  gravel 9 

a.  Blue  clay 88 

8.  Gh^yel 8 

4.  Bine  till 28 

5.  Gobble  and  gravel 6 

Total 78 

Another  well  at  Mr.  Green's,  55  feet  in  depth,  penetrates  18  feet  of 
surface  sand,  and  is  then  through  blue  till  to  the  bottom.  There  are 
two  wells  at  Herman  Schuelker's,  in  New  Haven,  each  about  60  feet 
in  depth,  which  are  mainly  till.  The  waterworks  supply  at  New  Haven 
is  from  a  gas  boring  300  feet  in  depth.  In  this  boring  rock  was  struck 
at  82  feet.  At  about  150  feet  a  strong  flow  of  water  was  obtained, 
which  rose  nearly  to  the  surface,  and  at  300  feet  the  head  was  increased 
to  11  feet  above  the  surface.  An  analysis  of  the  water  is  given  else- 
where.* 

A  well  at  Robert  Bell's,  east  from  New  Haven,  near  the  State  line, 
strikes  rock  at  60  feet,  and  obtains  water  at  that  depth. 

The  southeastern  portion  of  the  county  usually  affords  strong  veins 
of  water  at  convenient  depths,  seldom  more  than  30  or  40  feet.  The 
drift  in  that  portion  of  the  county  is  probably  not  more  than  75  feet 
in  average  thickness. 
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In  the  sonthwestem  and  sonthem  portions  of  the  comity  records  of 
a  few  wells  were  obtained  which  penetrate  20  or  30  feet  of  till  before 
i-eaching  a  water  gravel.  Occasionally  a  weU  is  sank  to  a  depth  of  75 
feet,  largely  through  till.  One  well  on  the  moraine  in  the  southwest 
comer  of  the  county,  102  feet  in  depth,  is  mainly  through  till.  Another, 
85  feet  in  depth,  is  also  largely  through  till.  Upon  passing  eastward 
from  the  moraine  in  the  southwest  township  of  the  county  tubular 
wells  are  found  to  decrease  in  depth,  being  75  or  100  feet  on  the  moraine 
and  but  40  or  50  feet  on  the  boi'dering  plain. 

ADAMS  COUNTY. 

General  statement. — ^Adams  County  is  situated  on  the  east  border 
of  the  State,  immediately  south  of  Allen.  Its  area  is  330  square 
miles.  Like  Allen  County,  it  has  a  large  amount  of  very  plane  sur- 
face, whose  monotony  is  broken  by  two  moraines,  the  St.  Marys  and 
the  Wabash.  The  St.  Marys  moraine  crosses  the  northeast  comer  of 
the  county,  and  occupies  a  belt  2  to  4  miles  in  width  along  the  east 
border  of  the  St.  Marys  River.  The  Wabash  moraine  traverses  the 
southern  and  southwestern  portion  of  the  county,  following  the 
northeast  border  -of  the  Wabash  River,  and  has  a  breadth  seldom 
exceeding  2  miles.  The  altitude  of  the  southern  poiiiion  of  the 
county  is  somewhat  higher  than  that  of  the  northern  portion,  but  the 
general  descent  in  the  24  miles  from  south  to  north  across  the  county 
amounts  to  scarcely  100  feet. 

The  moraines  and  also  the  plain  tracts  present  a  nearly  unbroken 
sheet  of  till.  There  appear  to  be  no  definite  gravel  aprons  or  out- 
wash  deposits  from  the  moraines.  In  places  where  the  drift  is  thick 
considerable  sand  and  gravel  is  found  in  its  lower  portion,  but  as  a 
nde  the  drift  deposits  are  thin,  their  average  thickness  being  scarcely 
more  than  50  feet,  if  the  deep  preglacial  valleys  are  disregarded. 
Wells  often  reach  rock  at  but  30  or  40  feet  or  less,  and  the  shallow 
valleys  of  the  St.  Marys  and  Wabash,  scarcely  more  than  30  feet  in 
depth,  have  numerous  rock  outcrops  along  their  courses  in  this 
county.  The  great  depth  of  valley  excavation  prior  to  the  drift 
dex>osition  is  shown  by  the  gas- well  boring  at  Geneva,  in  the  southern 
part  of  the  county,  where  350  feet  of  glacial  drift  was  encountered. 
Within  a  mile  of  the  boring  at  Geneva  rock  outcrops  occur  at  an  ele- 
vation as  high  as  the  well  mouth.  Notwithstanding  the  great  depth 
of  these  preglacial  valleys,  they  are  so  completely  filled  that  no  sur- 
face indications  of  their  courses  can  be  seen. 

Individuol  wells. — Along  the  St.  Marys  mpraine'and  the  plain  eadt 
of  it,  in  the  northeastern  part  of  the  county,  the  depth  of  wells  ranges 
from  20  to  50  feet,  mainly  through  till. 

At  Decatur  rock  is  struck  at  the  court-house  well  at  40  feet.  It 
penetrates  till,  with  the  exception  of  a  few  feet  of  sand  at  the  bottom. 
Several  wells  in  the  city  obtain  their  water  supply  from  this  bed  of 
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sand  and  gravel  above  the  rock.     The  city  waterworks  obtain  a  sup- 
ply from  limestone  at  250  feet. 

At  Pleasant  Mills,  near  the  east  border  of  the  county,  wells  are  20 
to  35  feet  in  depth,  mainly  through  till.  They  usually  obtain  water 
in  a  bed  of  sand  or  gravel,  but  a  few  enter  the  rock. 

On  the  plain  south  and  west  from  the  St.  Marys  River  records  of 
several  wells  were  obtained  which  enter  rock  at  50  or  60  feet.  They 
usually  penetrate  from  35  to  50  feet  of  till,  beneath  which  a  bed  of 
sand  is  found,  which,  if  not  of  too  fine  texture,  is  made  the  source  of 
water  supply,  but  if  very  fine  it  is  cased  out,  and  water  is  obtained 
from  the  underlying  rock.  On  portions  of  this  plain  rock  is  encoun- 
tered at  20  to  25  feet. 

On  the  Wabash  moraine,  in  the  southern  part  of  the  county, 
records  of  two  wells  were  obtained  in  sec.  32,  T.  25,  R.  15  E.,  which 
enter  rock  at  51  and  60  feet.  They  each  penetrate  35  or  40  feet  of 
till,  below  which  is  sand.  A  well  on  the  moraine  in  section  31  of  the 
same  township  enters  rock  at  70  feet.  It  penetrates  till  52  feet, 
below  which  is  sand  and  gravel. 

Along  the  Wabash  River  wells  are  usually  obtained  at  15  or  20  feet, 
either  at  the  surface  of  the  rock  or  at  slight  depth  in  it. 

At  Geneva,  which  is  situated  near  the  Wabash  River,  the  wells 
usually  obtain  water  in  gravel  below  till  at  about  35  feet.  A  few  are 
sunk  into  limestone  and  have  a  depth  of  80  feet.  The  gas- well  bor- 
ing, as  above  noted,  penetrated  350  feet  of  drift.  Of  this,  the  upper 
80  feet  was  principally  till;  the  remaining  270  feet  was  mainly  sand 
and  gravel. 

On  the  plain  southwest  from  the  Wabash  River  rock  is  usually 
encountered  at  but  20  or  30  feet.  The  majority  of  wells,  however, 
are  obtained  without  penetrating  the  rock. 

WELLS  COUNTY. 

Oeneral  sf-atement — Wells  County  is  situated  immediately  west  of 
Adams  and  south  of  Allen  County,  in  the  northeastern  part  of  the 
State.  It  has  an  area  of  357  square  miles.  Its  topography  is  quite 
similar  to  that  of  Adams  County,  there  being  a  plain  surface  except 
in  two  moraines,  one  of  which  crosses  the  northeastern  portion  of  the 
county  and  the  other  the  southwestern.  The  one  in  the  northeastern 
part  is  the  continuation  of  the  Wabash  moraine  of  Adams  County. 
It  follows  the  northeastern  border  of  Wabash  River  to  about  the 
middle  of  the  county,  where  it  turns  north  away  from  the  river  and 
traverses  Allen  County,  as  noted  above.  The  moraine  which  crosses 
the  southwestern  corner  follows  the  northeast  border  of  Salamonie 
River  and  receives  the  name  Salamonie  from  that  stream.  Neither 
of  these  moraines  much  exceed  2  miles  in  average  width  in  their  course 
through  this  county.     There  is  also  a  slight  ridging  of  the  drift  along 
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the  northeast  border  of  Rock  Creek,  parallel  to  and  midway  between 
the  two  moraines  just  mentioned.  Its  relief  is,  however,  but  15  or  20 
feet,  or  scarcely  half  as  great  as  the  relief  of  either  of  the  moraines 
mentioned.  The  streams  of  this  county,  like  those  of  Adams,  are 
flowing  in  small,  shallow  valleys,  cut  but  20  to  40  feet  into  the  plains. 

The  drift  is  very  similar  to  that  of  Adams  County,  being  a  some- 
what uniform  sheet  of  compact  till  at  surface,  with  thin  beds  of  sand 
included  in  or  underlying  it.  The  thickness  of  the  drift  is  also  mod- 
erate, rock  l^eing  struck  at  many  places  at  30  to  50  feet,  and  occasion- 
ally at  less  depths.  The  average  thickness  for  the  county,  unless 
greatly  affected  by  concealed  deep  valleys,  probably  does  not  exceed 
50  feet.  There  are  no  surface  indications  of  deep  valleys  traversing 
the  county,  nor  have  borings  shown  their  presence.  The  deep  borings, 
however,  are  not  sufficiently  numerous  to  afford  much  knowledge  of 
the  topography  of  the  I'ock  surface. 

Individual  wells. — ^Wells  along  the  Wabash  moraine,  in  the  north 
part  of  the  county,  usually  penetrate  but  50  or  75  feet  of  till,  and 
tubular  wells  are  usually  put  down  to  these  depths.  The  dug  wells 
obtain  moderate  amounts  of  water  from  local  beds  of  gravel  or  sand 
in  the  till  at  much  less  depth.  At  Kingsland,  on  the  crest  of  the 
moraine,  a  record  of  one  well  was  obtained,  which  enters  rock  at  80 
feet,  but  another  well  of  the  same  depth  does  not  reach  rock;  both 
are  mainly  through  till. 

West  of  the  Wabash  moraine  rock  is  usually  found  at  50  to  70  feet, 
while  in  the  vicinity  of  Uniondale  it  is  struck  at  20  to  40  feet.  The 
tubular  wells  often  enter  the  rock.  Dug  wells  usually  obtain  supplies 
of  water  in  the  lower  portion  of  the  drift. 

Near  the  eastern  border  of  the  county  the  drift  on  the  moraine  is 
about  100  feet  in  thickness,  and  several  wells  in  that  vicinity  are  60 
to  100  feet  in  depth.  On  the  plain  north  of  the  moraine  wells  are 
usually  obtained  at  less  than  50  feet. 

Along  the  Wabash  River  there  are  numerous  outcrops  of  rock,  but 
wells  are  ordinarily  obtained  above  the  rock  at  depths  of  20  feet  or 
less. 

At  the  city  of  Bluffton,  the  county  seat,  the  supply  for  the  water- 
works is  obtained  from  wells  drilled  into  the  rock  to  a  distance  of  150 
to  300  feet. 

On  the  plain  southwest  from  the  Wabash  River  wells  are  usually 
obtained  at  40  feet  or  less  in  beds  of  sand  or  gravel  below  the  till. 
Occasionally  a  well  is  sunk  to  a  depth  of  60  or  75  feet. 

On  the  Salamonie  moraine  the  wells  range  from  20  feet  up  to  75 
feet  or  more.     They  are  principally  through  till. 

Along  the  Salamonie  River,  and  on  the  plain  west  of  the  river,  wells 
are  seldom  more  than  30  feet  in  depth,  and  are  usually  through  till  to 
the  water  vein  near  the  bottom. 
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HUNTINGTON  COUNTY. 

General  staiement. — Huntington  County  is  situated  in  northeastern 
Indiana,  west  of  Wells  and  the  southern  portion  of  Allen  County, 
and  has  an  area  of  380  square  miles.  Huntington  is  its  county  seat. 
The  gi*eater  part  of  this  county  is  a  smooth,  sloping  plain,  standing 
800  to  900  feet  above  tide.  The  Salamonie  moraine,  which  enters  it 
from  Wells  County  in  the  southeastern  corner,  becomes  scarcely  trace- 
able near  the  center  of  the  county,  and  no  other  moraine  of  promi- 
nence is  found  within  the  limits  of  the  county.  The  valleys  are  small, 
with  one  exception,  that  of  the  lake  outlet,  which  joins  the  Wabash 
at  Huntington.  This  outlet  has  a  depth  of  40  to  75  feet  and  a  breadth 
of  1  to  2  miles  throughout  its  course  in  the  county,  whereas  the 
Wabash,  above  its  junction  with  the  outlet,  and  also  the  Salamonie, 
have  valleys  scarcely  one-eighth  of  a  mile  in  average  width  and  of  less 
depth  than  the  lake  outlet. 

The  elevation  of  the  rock  surface  decreases  gradually  northward 
from  the  southern  boundary  of  the  county  to  the  lake  outlet.  North 
of  the  lake  outlet  it  appears  to  drop  down  rapidly.  The  drift  is  com- 
paratively thin  in  the  portion  of  the  county  south  of  the  outlet,  there 
being  seldom  so  much  as  100  feet  encountered  in  wells.  North  from 
the  outlet  the  thickness  of  drift  is  150  to  200  feet  or  more. 

In  Huntington  County,  as  in  Wells  and  Adams,  the  drift  is  mainly 
a  compact  till.  Wells  are  obtained  either  in  local  deposits  of  gravel 
and  sand  within  the  till  or  more  extensive  deposits  which  appear  to 
prevail  near  the  base  of  the  drift. 

Individucd  wells. — Wells  on  the  plain  north  of  the  Wabash-  outlet 
have,  in  a  few  cases,  entered  rock  at  about  140  feet  after  penetrating 
a  nearly  solid  sheet  of  till.  Ordinarily,  the  wells  are  but  50  to  100  feet 
and  encounter  no  rock. 

In  the  city  of  Huntington,  on  the  uplands  bordering  the  lake  out- 
let, wells  are  frequently  obtained  at  about  30  feet  in  gravel  below  till. 
Along  the  outlet  they  are  usually  sunk  into  the  limestone,  which  there 
outcrops  quite  extensively.  The  waterworks  wells  are  sunk  into  the 
limestone  to  a  depth  of  about  100  feet.  Although  there  are  11  wells 
in  use,  the  supply  is  insufficient  and  some  water  is  pumped  from  the 
river. 

Above  Huntington,  in  the  vicinity  of  Roanoke,  wells  in  the  old  lake 
outlet  are  often  obtained  without  entering  rock,  at  depths  of  10  to  25 
feet.    One  well  near  Roanoke  enters  rock  at  36  feet. 

In  the  vicinity  of  New  Lancaster,  on  the  borders  of  the  Salamonie 
River,  gravel  is  more  abundant  than  elsewhere  along  the  valley  and 
wells  often  obtain  water  without  penetrating  till.  Between  New  Lan- 
caster and  Andrews  wells  commonly  penetrate  20  to  40  feet  of  till. 

At  Andrews,  the  wells  are  usually  carried  into  the  limestone  to 
depths  of  60  to  150  feet,  and  occasionally  to  over  200  feet.    The  analy- 
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sis  of  water  from  a  well  in  this  village,  214  feet  in  depth,  is  given  else- 
where.^ The  water  is  shown  to  be  slightly  saline  as  well  as  hard.  It 
also  contains  much  sulphureted  hydrogen. 

In  the  vicinity  of  Warren  several  flowing  wells  have  been  obtained 
in  limestone  on  low  ground  along  the  Salamonie  River  at  a  depth  of 
65  to  100  feet.  The  head  is  sufficient  to  carry  the  water  only  5  or  6 
feet  above  the  surface.    The  water  is  decidedly  chalybeate. 

WABASH   QOUNTY. 

Oerieral  statement — Wabash  County  is  situated  in  the  north-central 
portion  of  the  State,  with  the  city  of  Wabash  as  its  county  seat.  Its 
area  is  430  square  miles.  The  eastern  border  of  the  county  is  occu- 
pied throughout  its  entire  length  by  the  Mississinewa  moraine.  The 
northwestern  part  of  the  county  is  occupied  by  the  Erie-Saginaw  inter- 
lobate  moraine,  the  southeast  border  of  that  moraine  being  near  the 
valley  of  Eel  River.  The  portion  of  the  county  west  and  south  from 
these  moraines  is  a  till  plain.  The  morainic  ridge  on  the  east  border 
of  the  county,  as  well  as  the  interlobate  moraine,  rises  above  the  800- 
foot  contour,  but  the  greater  part  of  the  plain  in  the  county  falls  below 
800  feet,  and  on  the  immediate  border  of  the  Wabash  scarcely  exceeds 
700  feet.  The  valley  of  the  Wabash  passes  through  the  county  a  little 
south  of  the  center.  Occupied  as  it  was  by  the  lake  outlet,  it  is  very 
much  larger  than  the  other  valleys  of  the  county  and  the  valleys  of 
similar-sized  streams  in  the  newer  drift  area.  The  average  width  is 
fully  1  mile  and  the  depth  50  to  100  feet. 

In  Wabash  County,  as  in  Huntington,  the  general  elevation  of  the 
rock  surface  is  much  higher  south  from  the  Wabash  River  than  it  is 
north,  and  as  the  altitude  of  the  northern  portion  is  fully  as  great  as 
that  of  the  southern,  the  drift  deposits  of  the  northern  portion  are  very 
heavy.  The  drift  of  the  southern  portion  is  about  like  that  of  coun- 
ties to  the  east  and  probabl}'  falls  below  an  average  of  100  feet.  The 
drift  in  the  northern  portion  probably  in  places  exceeds  300  feet,  the 
thickness  at  North  Manchester,  in  Eel  River  Valley,  being  274  feet. 
In  the  southern  portion,  however,  there  are  valleys  deeply  filled  with 
drift  that  show  a  rock  surface  about  as  low  as  that  of  the  northern  por- 
tion of  the  county.  Such  a  valley  was  brought  to  light  by  the  boring 
at  Lafontaine  (Ashland  post-office),  where  the  drift  is  found  to  be  300 
feet  in  thickness. 

Wabash  County  resembles  the  counties  to  the  east  in  carrying  a 
somewhat  uniform  sheet  of  compact  till.  The  only  gravelly  districts 
worthy  of  note  are  a  narrow  belt  along  the  borders  of  Eel  River  and 
terraces  in  the  valley  of  the  Wabash. 

Individual  wells. — A  boring  for  natural  gas  at  North  Manchester 
penetrates  274  feet  of  drift,  mainly  sand.     The  drift  within  the  limits 

» Eighteenth  Ann.  Kept,  U.  S.  Geol.  Survey,  Part  IV,  p.  488. 
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of  that  village,  however,  varies  considerably.  Several  flowing  wells 
along  Eel  River  valley  penetrate  till  to  a  depth  of  50  to  70  feet,  beneath 
which  is  a  sheet  of  water  with  a  head  sufficient  'y  rise  10  or  12  feet 
above  the  surface.  The  waterworks  supply  is  from  flowing  wells  100 
feet  in  depth.  In  the  higher  portion  of  the  village  wells  are  ordinarily 
obtained  at  30  or  35  feet,  without  penetrating  much  till,  but  in  a  few 
instances  they  are  carried  to  depths  of  100  or  115  feet,  largely  through 
till. 

On  the  Mississinewa  moraine,  east  and  southeast  from  North  Man- 
chester, wells  are  often  in  till  to  a  depth  of  100  feet  or  more  before 
obtaining  a  strong  vein  of  water.  One  well,  4  miles  east  of  North 
Manchester  (in  sec.  12,  T.  29,  R.  7  E.),  penetrated  156  feet  of  till. 

On  the  plain  between  Eel  River  and  the  Wabash  and  west  from 
the  Mississinewa  moraine  wells  usually  penetrate  till  to  a  depth  of  30 
or  40  feet  to  obtain  a  strong  vein  of  water.  On  the  north  side  of  Eel 
River,  west  from  North  Manchester,  the  interlobate  moraine  usually 
presents  50  feet  or  more  of  compact  till  at  its  surface,  through  which 
many  wells  have  been  sunk. 

At  Laketon,  in  the  valley  of  Eel  River,  below  North  Manchester,  a 
well  125  feet  in  depth  is  mainly  through  sand.  It  is  thought  by  the 
residents  of  that  village  that  the  sheet  of  sand  passes  northwaiti 
beneath  the  till  of  the  moraine,  but  there  have  been  few  deep  wells 
to  test  the  value  of  this  opinion. 

At  the  city  of  Wabash  wells  are  often  obtained  in  the  valley  at 
depths  of  15  to  25  feet  without  reaching  the  bottom  of  the  gravel.  A 
better  supply  is,  however,  obtained  at  about  100  feet  in  the  limestone. 
Some  objection  is  offered  to  the  water  from  the  limestone  because  of 
its  extreme  hardness.  For  that  reason  the  waterworks  are  supplied 
largely  from  drift  wells.  The  wells  are  located  in  the  valley  of  Treaty 
Creek,  south  of  the  city,  and  are  overflowing.  The  depths  range  from 
42  to  55  feet. 

On  the  Mississinewa  moraine,  south  of  the  Wabash,  several  wells 
have  been  put  down  to  depths  of  95  or  100  feet  or  more  through  till 
before  obtaining  an  adequate  supply  of  water,  but  as  a  rule  water 
may  be  obtained  at  less  than  50  feet. 

On  the  plain  west  of  the  Mississinewa  moraine,  in  southern  Wabash 
County,  till  is  usually  penetrated  to  a  depth  of  25  to  40  feet  or  more. 

At  Lafontaine,  in  the  south  part  of  the  county,  the  gas  boring  pen- 
etrates 300  feet  of  drift,  but  rock  outcrops  within  a  short  distance, 
both  above  and  below  Lafontaine,  in  the  bluffs  of  the  Mississinewa 
River.  Wells  are  usually  obtained  at  Lafontaine  and  at  other  points 
along  the  Mississinewa,  in  the  southern  part  of  the  county,  at  depths 
of  25  or  35  feet.  Gas  borings  in  the  vicinity  of  Somerset,  in  the  south- 
west corner  of  the  county,  show  the  drift  to  have  a  thickness  ranging 
from  35  up  to  about  100  fee^  the  lower  portion  of  which  is  a  water- 
bearing sand  or  gravel. 
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In  the  Seventeenth  Report  of  the  Indiana  Geological  Snrvey  many 
records  of  wells  are  published  which  have  a  depth  of  only  10  to  40 
feet.  With  these  are  occasional  records  of  deeper  wells.  One  near 
New  Madison  (sec.  11,  T.  29,  R.  7  E.),  207  feet  in  depth,  strikes  lime- 
stone at  181  feet.  It  penetrates  till  160  feet,  below  which  is  21  feet  of 
sand.  Two  other  wells  in  section  26  of  the  same  township  penetrate  a 
similar  amount  of  till,  and  obtain  water  in  sand  or  gravel  at  164  and 
185  feet  without  entering  rock. 

It  is  stated  that  wells  occasionally  enter  rock  at  70  or  76  feet  on 
farms  5  miles  north  of  Lagro,  but  a  well  in  that  vicinity,  on  the  farm 
of  Christopher  Speicher,  strikes  no  rock  at  a  depth  of  156  feet.  It  is 
mainly  through  blue  till,  there  being  a  thin  bed  of  gravel  at  80  to  84 
feet  and  another  at  150  to  156  feet. 

Records  of  two  deep  wells  in  the  southwest  township  of  the  county 
are  rei)orted  as  follows:  On  farm  of  Jacob  Thomas,  depth  64  feet, 
till  except  4  feet  of  water-bearing  gravel  at  bottom;  on  farm  of  L. 
Waggoner,  depth  96  feet,  till  80  feet,  below  which  are  alternations  of 
gravel,  sand,  and  blue  mud,  to  a  limestone  at  bottom. 

On  the  farm  of  John  H.  Pefiey,  near  the  south  bluff  of  the  Wabash 
River,  in  sec.  18,  T.  27,  R.  8  E.,  a  well  62  feet  in  depth  is  reported  to 
have  barometric  properties  of  a  marked  character,  there  being  an 
inrush  of  air  in  fair  weather  and  an  escape  of  air  in  foul  weather.  A 
whistle,  made  of  two  convex  disks  with  a  hole  in  the  center,  attached 
to  a  gas  pipe  screwed  into  the  base  plate  of  the  pump  may  be  heard 
frequently  at  the  distance  of  one-half  mile,  and  makes  apparent  the 
force  of  the  current  of  air.  It  is  probable  that  air  spaces  in  the  sand 
offer  a  medium  for  the  inflow  of  air  to  correspond  with  the  changes 
of  atmosphere  outside  the  well.     The  section  of  the  well  is  as  follows: 

Feet. 

1.  Soil  and  yellow  clay 7 

2.  Sandy  bine  clay 24 

3.  Bine  hardpan  clay * H 

4-  Dry  sand 8 

5.  Sandy  bine  hardpan _ 12 

6.  Water-bearing  bine  hardpan 9i 

Total 62 

MIAMI  COUNTY. 

General  statemenL — Miami  County  is  situated  in  the  north-central 
part  of  the  State,  immediately  west  of  Wabash  County,  with  Peru 
as  its  county  seat.  Its  area  is  360  square  miles.  The  broad  Wabash 
Valley  traverses  it  nearly  centrally  from  east  to  west  and,  as  in 
Wabash  County,  separates  a  district  of  thin  drift  on  the  south  from 
one  of  thick  drift  on  the  north.  The  northern  portion  is  even  more 
elevated  than  the  southern,  but  the  rock  surface  is  much  lower  in  the 
former  district.     The  portion  of  the  county  south  of  the  Wabash  is 
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nearly  all  plane  surfaced,  and  so,  also,  is  much  of  the  district  between 
the  Wabash  and  Eel  rivers.  That  north  of  Eel  River  is  strongly 
morainic,  and  embraces  part  of  the  large  Erie  moraine,  which,  with 
the  Maxinkuckee  moraine  of  the  Saginaw  lobe,  forms  the  interlobate 
moraine  of  northeastern  Indiana  and  southeastern  Michigan.  The 
drift  is  composed  largely  of  till  in  the  plains,  but  in  the  moraines 
there  are  knolls  of  gravel  and  sand  associated  with  the  till  knolls,  as 
well  as  extensive  deposits  of  sand  and  gravel  in  the  deeper  portion  of 
the  drift. 

Individual  weds, — ^A  gas  boring  2^  miles  north  of  Peru  penetrates 
318  feet  of  drift,  a  large  part  of  which  is  water-bearing  sand  and 
gravel.  Neighboring  wells  for  water  usually  obtain  an  abundant  sup- 
ply after  penetrating  till  30  to  40  feet.  One  well,  however,  in  sec.  29, 
T.  28,  R.  5  E.,  penetrated  90  feet  of  till  before  obtaining  water. 

In  the  city  of  Peru  there  are  few  wells  drilled  into  rock,  although 
there  are  numerous  rock  outcrops  in  the  vicinity  of  the  city.  The 
average  depth  of  the  wells  is  about  30  feet,  with  a  range  from  15 
up  to  60  feet.  They  penetrate  either  a  loose  alluvial  deposit  before 
entering  gravel  and  sand  or  pass  immediately  into  gravel  and  sand. 
There  is,  therefore,  a  liability  of  contamination  of  the  water  from 
cesspools  or  other  sources.  The  city  water  supply  is  pumped  from 
the  Wabash  River. 

At  Bunker  Hill  a  sheet  of  till  25  to  40  feet  in  thickness  is  usually 
passed  through  before  water-bearing  sand  or  gravel  is  reached.  In 
one  of  the  gas  wells  at  Bunker  Hill  the  drift  was  68  feet,  in  another 
84  feet;  in  both  the  lower  half  was  largely  sand  and  gravel. 

A  gas  boring  east  of  Bunker  Hill,  in  sec.  21,  T.  26,  R.  5  E.,  at  an 
altitude  of  175  feet  above  the  Wabash  at  Peru,  penetrates  60  feet  of 
drift,  of  which  54  feet  is  till  and  the  lower  6  feet  gravel. 

At  Amboy  the  wells  penetrate  about  15  feet  of  till,  beneath  which 
is  a  water-bearing  gravel  extending  to  the  rock.  In  that  vicinity 
rock  is  struck  at  35  to  50  feet. 

At  Xenia  (Converse  post-of&ce)  the  dug  wells  are  10  to  20  feet  in 
depth,  in  gravel  beneath  a  sheet  of  till.  The  drift  in  that  vicinity  is 
variable  in  depth,  ranging  from  25  up  to  100  feet  or  more  in  thickness. 
A  few  wells  are  drilled  into  the  rock  to  depths  ranging  from  100  to 
400  feet.  From  the  deep  wells  the  head  is  sufiicient  to  bring  to  the 
surface  water  which  is  reported  to  be  of  excellent  quality. 

In  the  southwestern  part  of  the  county  wells  are  often  50  to  70  feet 
through  till,  though  shallower  wells  are  usually  obtained. 

A  well  at  Denver,  in  the  northern  part  of  the  county,  is  noted  by 
Mr.  Grorby,^  which  penetrates  125  feet  of  sand  and  gravel  and  reaches 
no  rock. 
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CASS  COUNTY. 

Oeneral  statement — Cass  County  is  situated  in  the  north-central 
-part  of  the  State,  the  city  of  Logansport  being  its  county  seat.  Its 
area  is  420  square  miles.  The  valley  of  the  Wabash  traverses  it  nearly 
centrally  from  east  to  west.  The  portion  south  of  the  Wabash  is 
a  comparatively  smooth  till  plain.  The  portion  north  of  the  Wabash 
is  largely  morainic,  though  there  is  a  plain  in  the  extreme  northwest 
comer  of  the  county.  There  is  not  the  conspicuous  descent  of  the 
rock  surface  from  south  to  north  that  appears  in  the  three  counties 
along  the  Wabash  east  from  this  county.  In  the  immediate  vicinity 
of  the  Wabash  the  drift  is  thin,  but  on  the  upland,  both  north  and 
south  of  the  river,  a  thickness  of  75  to  100  feet  or  more  is  found.  The 
drift  is  very  lai^ely  till,  as  in  counties  to  the  east. 

Individual  wells. — At  Royal  Center,  in  the  northwest  part  of  the 
county,  the  oil-well  borings  enter  rock  at  about  110  feet.  The  water 
wells  are  about  40  feet,  though  having  a  range  from  15  up  to  110  feet. 
They  usually  penetrate  the  following  series: 

Feet 

1.  Surface  clay 4to6 

2.  Gravel 5 

8.  Blue  tin,  extending  to  the  water-bearing  gravel 40 

Total.... 50 

At  Logansport  wells  range  in  depth  from  12  to  80  feet,  but  the 
majority  are  about  40  feet.  The  rock  surface  being  uneven,  wells  in 
some  cases  reach  a  depth  of  40  feet  in  drift,  while  in  others  they  enter 
limestone  at  10  or  20  feet.  The  drift  in  this  city  being  composed 
mainly  of  gravel  and  the  water  surface  being  but  a  few  feet  below 
the  well  mouth,  there  is  much  danger  of  contamination.  The  city 
waterworks  obtain  the  supply  in  part  from  springs  and  in  part  from 
Eel  River. 

On  the  Wabash  bluff,  south  from  Logansport,  wells  are  about  40  feet 
in  depth,  the  upper  half  being  through  till  and  the  lower  in  gravel. 

A  well  on  the  north  bluff  of  Wabash  River,  near  Logansport,  sec. 
27,  T.  27,  R.  2  £.,  was  lai^ely  through  sand  and  gravel  to  a  depth  of 
90  feet,  and  struck  wood  and  leaves  near  the  bottom. 

In  the  vicinity  of  Lake  Cicott,  in  the  western  part  of  the  county, 
there  are  sand  deposits  on  the  north  bluff  of  the  Wabash  which  in 
some  cases  afford  water  for  weUs  at  a  depth  of  15  feet.  Wells  usually, 
however,  penetrate  the  underlying  till. 

At  Walton,  in  the  southeastern  part  of  the  county,  the  drift  is  about 
80  feet,  and  is  largely  till.  At  Galveston  the  drift  in  a  valley  20  feet 
or  more  below  the  level  of  the  railway  station  is  shown  by  a  gas  bor- 
ing to  be  41  feet  in  thickness.  The  lower  portion  contains  much 
water. 
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WHITE  COUNTY. 

General  statement. — White  County  is  situated  in  the  northwestern 
part  of  the  State,  immediately  west  of  Cass  County,  its  county  seat 
being  Monticello.  It  has  an  area  of  500  square  miles.  With  the 
exception  of  a  few  drift  ridges  in  its  southern  portion  and  occasional 
sand  ridges  in  its  northern  portion,  it  has  a  plane  surface.  The  drift 
ridges  are  most  conspicuous  immediately  east  of  Chalmers.  It  is  at 
this  i)oint  that  the  large  Erie  moraine,  which  has  been  referred  to  as 
occupying  the  northern  portion  of  Miami  and  Cass  counties,  makes 
a  curve  to  the  south.  A  smaller  and  perhaps  older  moraine,  formed 
probably  by  the  Saginaw  lobe,  leads  from  near  Chalmers  westward 
through  White  and  Benton  counties.  The  Tippecanoe  valley  in  its 
course  across  White  County  deepens  from  a  comparatively  shallow 
ditch  near  the  north  border  of  the  county  to  a  trench  76  or  100  feet  in 
depth  at  the  south.  Its  breadth  is  but  a  few  rods  greater  than  the 
stream,  and  is  in  strong  contrast  with  the  large  valley  of  the  Wabash, 
into  which  it  discharges. 

The  drift  in  the  northwestern  portion  of  this  county,  like  that  of 
adjacent  portions  of  Pulaski  and  Jasper  counties,  is  very  thin,  and 
the  majority  of  wells  enter  rock  at  10  to  20  feet,  or  even  less.  In 
the  southeastern  portion  of  the  county  there  is  a  heavy  deposit  of 
drift,  200  feet  or  more  in  thickness. 

Individual  ufells. — At  Monon,  in  the  north  part  of  the  county,  rock 
is  entered  at  from  3  to  30  feet.  Wells  are  usually  about  40  feet, 
though  they  range  from  20  to  200  feet  in  depth.  The  limestone  from 
which  the  water  is  obtained  contains  a  sufficient  amount  of  iron 
pyrites  to  affect  the  water  appreciably,  though  not  sufficient  to  render 
it  unfit  for  drinking. 

At  Monticello,  the  county  seat,  wells  are  usually  obtained  at  20  or 
30  feet,  in  gravel  below  till.  Tubular  wells  are  somewhat  deeper,  the 
deepest  being  about  140  feet.  The  city  water  supply  comes  from  a 
large  well  of  moderate  depth,  but  thought  to  be  beyond  the  reach  of 
surface  contamination.  The  gas- well  boring  at  this  place  penetrated 
205  feet  of  drift,  largely  till. 

At  Reynolds,  in  the  central  portion  of  the  county,  there  are  a  series 
of  sand  ridges,  in  which  water  is  often  obtained  at  a  depth  of  15  or  20 
feet,  or  even  less.  Tubular  wells  reach  a  depth  of  75  to  120  feet  with- 
out entering  rock.  One  of  the  tubular  wells,  at  Mr.  Van  Voorst's,  5G 
feet  in  depth,  is  reported  to  have  entered  a  black  muck  at  the  base  of 
the  sand,  about  30  feet  from  the  surface,  6  or  7  feet  in  thickness, 
beneath  which  is  a  blue  clay  about  15  feet  thick,  extending  to  the 
water-bearing  gravel  at  bottom.  A  well  opposite  the  post-office  found 
a  similar  muck  at  the  bottom  of  the  sand  at  20  feet,  and  entered  gravel 
beneath  it  at  25  feet.  Wells  not  infrequently  encounter  muck  below 
the  sand  in  this  region.     A  well  in  the  south  part  of  Reynolds,  120 
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feet  in  depth,  enconntered  either  a  bowlder  or  a  rock  ledge,  which 
prevented  further  boring. 

Among  the  deepest  wells  in  the  county  is  William  Owen's,  about  6 
miles  southwest  of  Reynolds,  190  feet  in  depth.  It  entered  rock  at  30 
feet.  Inflammable  gas  was  found  at  about  145  feet.  Wells  in  that 
vicinity  often  strike  rock  at  20  or  30  feet.  The  thick  drift  seems  to 
set  in  immediately  east  from  a  line  running  south  from  Reynolds 
through  Chalmers.  In  Chalmers  rock  is  struck  at  about  90  feet,  but 
at  Albert  Gosley's,  1^  miles  east  of  Chalmers,  no  rock  was  found  at 
150  feet;  and  a  well  at  J.  N.  Bunnell's,  a  mile  southeast  of  Reynolds, 
strikes  no  rock  at  160  feet. 

On  the  drift  ridge  west  from  Chalmers  rock  is  usually  struck  at  75 
or  80  feet.  On  the  plain  north  of  the  ridge  it  is  struck  at  20  to  40 
feet.  On  the  south  slope  of  the  ridge,  in  sec.  5,  T.  25,  R.  5  W.,  rock 
is  struck  at  54  feet  and  water  obtained  at  75  feet.  One  well,  however, 
on  the  moraine  near  the  west  line  of  the  county,  failed  to  reach  rock 
at  113  feet.  The  drift,  both  on  the  plain  and  in  the  morainic  ridges 
in  the  southern  part  of  White  County,  appears  to  be  mainly  till. 

BENTON  COUNTY. 

Oeneral  stcUeTnent. — Benton  County  is  situated  on  the  western  bor- 
der of  the  State,  immediately  south  of  Newton  and  Jasper  counties 
and  west  from  White  County.  It  has  an  area  of  503  square  miles,  and 
the  village  of  Fowler  is  its  county  seat. 

This  county  is  occupied  by  several  somewhat  prominent  drift  ridges. 
In  the  north  tier  of  townships  there  is  a  sharp  drift  ridge,  scarcely  a 
mile  in  average  width,  but  25  to  75  feet  in  height,  passing  entirely 
across  the  county  and  forming  the  south  border  of  a  plain  which  is 
drained  by  the  Iroquois  River.  A  few  miles  farther  south  a  promi- 
nent ridge  enters  Benton  County  from  the  west  and  passes  eastward, 
bearing  slightly  north,  to  the  village  of  Fowler,  where  it  abruptly  ter- 
minates. This  ridge  has  a  breadth  of  3  or  4  miles  and  a  relief  of  60 
to  75  feet  or  more  above  bordering  plains.  On  the  south  border  of 
the  county  is  a  third  ridge,  which  passes  eastward  to  the  vicinity  of 
Oxford,  where  it  swings  abruptly  to  the  north  and  terminates  imme- 
diately east  of  Fowler.  This  ridge  has  about  the  same  breadth  as  the 
one  north  of  it,  but  scarcely  so  great  relief.  Aside  from  the  three  main 
ridges  just  mentioned,  there  are,  northwest  from  Fowler,  a  series  of 
sharp  drift  knolls,  25  to  50  feet  in  height,  filling  a  portion  of  the  plain 
between  the  north  and  middle  ridges.  Notwithstanding  the  occur- 
rence of  several  prominent  ridges,  the  general  elevation  of  the  connty 
is  remarkably  uniform,  the  variations  in  elevation  being  about  that 
of  the  relief  of  the  ridges.  Nearly  the  entire  county  lies  between  the 
contours  of  700  and  800  feet  above  tide.  A  point  near  Fowler,  on  a 
sharp  gravel  knoll,  reaches  857  feet,  said  to  be  the  highest  in  the 
county. 
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The  thickness  of  the  drift  in  this  county  is  found  to  be  very  great 
in  the  southern  and  western  x>ortions,  in  one  place  exceeding  400 
feet.  But  in  the  northern  and  eastern  portions  of  the  county^  includ- 
ing nearly  half  its  area,  the  drift  is  seldom  found  to  exceed  100  feet. 
The  surface  portion  of  the  drift  appears  to  be  generally  a  compact 
till,  but  the  deeper  portions,  so  far  as  tested  by  well  borings,  consist 
mainly  of  sand  and  gravel. 

Individual  wells, — ^The  following  list  of  well  sections  includes  sev- 
eral which  have  already  been  published,^  but  the  majority  were  x>er- 
sonally  obtained  from  well  drillers  or  owners  of  wells. 

The  drift  in  northwestern  Benton  County,  north  from  Sugar  Creek, 
is  shown  by  several  wells  to  be  a  compact  till  to  considerable  depth, 
but  along  Sugar  Creek  and  on  the  plain  to  the  south  much  sand  is 
encountered. 

At  Earl  Park  a  well,  bored  by  P.  M.  Crane,  penetrates — 


1.  Soil  and  yellow  till 18 

2.  Blnetill 40 

8.  Fine  gray  qnicksaad 1 00 

4.  Blnetill 13 

5.  Limofitone 13 

Total 103 

The  water  supply  is  from  the  limestone.  At  Raub's  warehouse,  in 
Earl  Park,  limestone  was  struck  at  80  feet,  and  water  obtained  at  110 
feet.  The  drift  was  entirely  till.  Rock  is  quarried  on  Sugar  Creek, 
1  mile  north  of  Earl  Park,  on  ground  but  40  to  50  feet  lower. 

In  sec.  1,  T.  26,  R.  9  W.,  near  the  north  line  of  the  county,  Mr. 
Schlautenhofer  has  a  well  108  feet  in  depth,  which  obtained  water 
at  that  depth  beneath  a  bed  of  dark  material  thought  to  be  coal. 
Shale  was  struck  at  70  feet. 

In  sec.  7,  T.  26,  R.  8  W.,  a  well  109  feet  in  depth  has  the  following 
section : 

Feet. 

1.  Soil  and  yellow  clay 6 

2.  Blneclay 44 

8.  Sand 3 

4.  Blneclay 57 

Total 109 

Other  wells  on  the  same  section  are  obtained  at  35  or  40  feet  in  a 
bed  of  gravel  beneath  the  blue  clay. 

On  Mr.  Raub's  farm,  2  miles  east  of  Earl  Park,  water  is  obtained  in 
limestone  at  54  feet.     The  drift,  50  feet,  is  entirely  till. 

On  the  crest  of  the  north  drift  ridge,  in  sec.  20,  T.  26,  R.  7  W.,  Mr. 
J.  W.  Swan  has  a  well  116  feet  in  depth,  which  is  thought  to  have  struck 
sandstone  at  82  feet,  though  it  is  reported  to  obtain  water  from  gravel 
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at  the  bottom.  The  drift  was  till  to  a  depth  of  75  feet.  Another  well, 
only  150  yards  distant,  i)enetrated  till  to  a  depth  of  82  feet  without 
entering  rook.  On  the  south  slope  of  the  moraine  Mr.  Swan  made  a 
well  which  obtained  water  beneath  the  till  at  25  to  27  feet.  Another 
well  on  the  south  slope  i>enetrated  beds  as  follows: 

Feet 

1.  TiU 31 

2.  Cemented  grarei 10 

8.  Water  gravel 8 

Total 34 

Two  miles  east  from  Mr.  Swan's,  in  the  western  edge  of  Gilboa 
Township,  a  well  on  the  moraine  strikes  rock  at  173  feet.  It  is 
reported  to  be  mainly  blue  till  with  occasional  beds  of  sand.  Water 
was  obtained  at  a  depth  of  196  feet.  There  is  a  quarry  on  Pine  Creek, 
just  south  of  this  moraine,  in  sec.  28,  T.  26,  R.  7  W.,  at  an  elevation 
perhaps  75  feet  lower  than  the  well  mouth.  The  rock  surface,  there- 
fore, varies  about  100  feet  in  elevation. 

In  the  eastern  part  of  the  county  several  wells  enter  rock  at  50  feet 
or  less,  and  there  is  a  quarry  on  Pine  Creek  just  north  of  the  village 
of  Aydelott. 

A  well  near  the  northern  terminus  of  the  southernmost  of  the  three 
ridges  above  mentioned,  in  sec.  15,  T.  25,  R.  7  W.,  enters  rock  at  55 
feet  and  obtains  water  at  60  feet.  Another  well,  in  sec.  10  of  the 
same  township,  85  feet  in  depth,  enters  rock  at  72  feet.  In  both  wells 
the  drift  is  a  compact  blue  tilL 

At  Fowler  the  waterworks'  supply  is  obtained  from  wells  about  175 
feet  in  depth.  They  enter  rock  at  130  feet.  The  water  rises  within 
25  feet  of  the  surface  and  the  wells  are  estimated  to  yield  150  gallons 
per  minute.  Several  other  deep  wells  have  been  made  in  Fowler  and 
vicinity,  which  show  a  considerable  variation  in  the  elevation  of  the 
rock  surface.  A  weU  at  Mr.  Van  Nata's,  in  the  west  edge  of  the  vil- 
lage, enters  rock  at  91  feet,  after  penetrating  a  nearly  solid  bed  of  till. 
A  neighboring  well,  bored  by  Mr.  Fowler,  only  300  yards  distant, 
reached  a  depth  of  150  feet  without  encountering  rock.  In  this  well 
the  upper  100  feet  is  till,  below  which  is  gravel  and  sand.  The  well 
at  the  post-office  in  Fowler  strikes  no  rock  at  160  feet.  The  drift  is 
reported  to  be  mainly  sand.  At  the  Tremont  Hotel  a  well  104  feet  in 
depth  strikes  no  rock  and  is  mainly  through  sand.  The  gas- well  bor- 
ing in  Fowler,  one-fourth  mile  north  of  the  railway  station,  strikes 
rock  at  158  feet.  In  all  these  wells  the  surface  altitude  is  very  uni- 
form, there  being  scarcely  10  feet  variation.  Wells  for  a  short  dis- 
tance north  and  east  of  Fowler  are  obtained  at  20  to  30  feet  in  sand 
and  gravel  below  till. 

On  the  farm  of  Mrs.  Sumner,  at  Sugar  Grove,  6  miles  southwest  of 
Earl  Park,  rock  is  struck  at  41  feet  and  water  obtained  at  47  feet. 

A  few  miles  southwest  of  Fowler,  on  the  middle  drift  ridge  noted 
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above,  several  deep  wells  have  been  made.  Mr.  William  Bennett, 
sec.  33,  T.  25,  R.  9  W.,  has  had  several  wells  sunk  to  a  depth  of  about 
150  feet,  and  one  to  a  depth  of  264  feet,  without  reaching  rock. 
The  drift  is  mainly  till  to  a  depth  of  150  feet,  below  which  is  sand. 
The  following  section  is  from  the  well  at  Mr.  Bennett's  residence: 

Feet. 

1.  Soil  and  yellow  till 20 

2.  Blnetill   - 27 

8.  Hard  gray  till 12 

4.  Greenish-gray  till 81 

5.  Fine  gravel 4 

6.  Greenish  till 18 

7.  Coarse  gravel,  with  water 8 

Total 170 

A  well  at  Lawrence  Broes's,  sec.  4,  T.  24,  R.  9  W.,  260  feet  in  depth 
encounters  no  rock,  and  has  a  section  similar  to  Mr.  Bennett's.  A 
well  3  miles  north  of  Ambia,  on  the  crest  of  the  moraine,  x)enetrates — 

Feet. 

1.  Yellowtill 14 

2.  Blnetill 80 

8.  Fine,  dry  sand 20 

4.  Blnetill 46 

6.  Gravel,  with  water _ lto2 

Depth  to  water 160 

At  John  Shilling's,  4  miles  northeast  of  Ambia,  near  south  border 
of  the  moraine,  a  well  114  feet  in  depth  penetrates — 

Feet. 

1.  Soil  and  sand 28 

2.  Blnetm 1 60 

8.  Qnicksand 16 

4.  Blnetill- 20 

Gravel  at  bottom. 

Total 114 

Wells  along  the  south  border  of  the  middle  ridge  are  usually 
obtained  at  shallow  depths,  but  occasionally  reach  a  depth  of  50  to  65 
feet.  Thej'  often  encounter  sand  and  gravel  near  the  surface.  Thus, 
at  James  Siddon's  well,  about  2  miles  north  of  Talbot,  the  drift  is 
mainly  sand  to  a  depth  of  24  feet,  below  which  there  is  a  bed  of  blue 
till  40  feet  in  thickness,  water  being  obtained  in  gravel  at  65  feet. 
Another  illustration  is  found  in  the  well  at  Mr.  A.  K.  Dill's,  3  miles 
north  of  Boswell.  This  well  penetrates  a  loose  gravel  18  feet,  below 
which  is  a  thin  bed  of  blue  clay,  which  in  turn  is  underlain  by  a 
cementf'd  gravel  40  to  45  feet  in  thickness,  extending  to  the  water 
gravel  at  65  feet. 

In  the  southern  tier  of  townships  several  borings  have  been  made 
which  show  300  to  400  feet  of  drift.  At  Otterbein,  however,  a  boring 
212  feet  in  depth  strikes  rock  at  132  feet,  and  about  5  miles  north  of 
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Otterbein  rock  is  struck  at  80  feet.  Among  the  borings  showing  a 
large  amount  of  drift  are  the  following: 

W.  J.  Templeton's  boring  for  artesian  water,  about  three-fourths 
of  a  mile  northeast  of  Templeton,  reached  a  depth  of  300  feet  without 
entering  rock.  The  drift  is  mainly  till,  but  sand  in  its  lower  part 
furnishes  water,  which  rises  nearly  to  the  surface,  675  feet  above  tide. 

A  boring  by  W.  J.  and  L.  Templeton,  on  their  farm  in  sec.  32,  T.  24, 
R.  8  W.,  about  5  miles  southwest  of  Oxford,  made  with  a  view  to 
obtaining  coal,  i)enetrated  372  feet  of  drift,  as  follows: 

Feet. 

1.  YeUowtill 12 

3.  Bine  till 115 

3.  Cemented  gravel 25 

4.  Yellow  till  and  gravel 110 

5.  Black  material,  called  shale 10 

6.  Clay  and  sand... 100 

Total. 372 

The  well  was  continued  to  a  depth  of  537  feet,  or  166  feet  into  the 
rock,  which  is  mainly  limestone. 

A  boring  for  gas  on  Joseph  Atkinson's  farm,  about  1  mile  east  of 
the  Templeton  well,  i)enetrated  410  feet  of  drift.  A  small  amount  of 
gas  was  found  in  the  drift  at  a  depth  of  40  feet. 

A  well  in  the  village  of  Talbot,  310  feet  in  depth,  strikes  no  rock; 
the  upx)er  60  feet  is  till,  the  remainder  mainly  sand. 

In  addition  to  the  borings  showing  a  very  deep  drift  there  are  sev- 
eral others  worthy  of  note  in  this  southern  tier  of  townships.  A  well 
made  by  W.  J.  Templeton,  2  miles  east  of  Templeton,  177  feet  in 
depth,  penetrates — 

Feet. 

1.  Yellow  till 12 

2.  Bine  till,  with  thin  sandheds 75 

3.  Cemented  gravel _ 20 

4.  Yellow  clay  and  sand 70 

Total 177 

J.  D.  Stengle's  well  at  Templeton  penetrates  60  feet  of  till,  beneath 
which  is  water-bearing  sand.  Denth  of  well  80  feet.  A  well  2  miles 
south  of  Boswell  penetrates — 

Feet. 

1.  Yellow  till_. 13 

2.  Bine  till 34 

8.  Qnicksand 20 

4.  Gravel 66 

Total 183 

A  well  on  Samuel  Dove's  farm,  immediately  east  of  Boswell,  185  feet 
in  depth,  strikes  no  rock. 

At  the  several  villages  along  the  Lake  Erie  and  Western  Kailroad 
wells  are  usually  obtained  at  20  feet  or  less,  but,  as  indicated  above, 
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occasional  wells  are  much  deex)er.  Many  wells  in  Templeton  obtain, 
water  at  20  or  30  feet.  They  enter  blue  till  at  about  6  or  8  feet. 
At  Oxford  wells  are  usually  but  14  to  20  feet  in  depth,  though  occa- 
sionally 80  or  90  feet.  In  the  east  part  of  the  village  a  flowing  well 
has  been  obtained  at  a  depth  of  55  feet.  It  has  a  head  about  5  feet 
above  the  surface.  The  water  is  strongly  chalybeate.  At  Ambia, 
records  of  two  wells  were  obtained  which  slightly  exceed  100  feet  in 
depth.    They  are  mainly  through  blue  till. 

WARREN  COUNTY. 

Oeneral  statement. — Warren  County  is  situated  on  the  west  border 
of  the  State,  immediately  north  of  the  Wabash  River,  with  Williams- 
port  as  its  county  seat.    It  has  an  area  of  360  square  miles. 

Like  Benton  Ck>unty,  which  borders  it  on  the  north,  this  county  is 
traversed  by  several  conspicuous  ridges  of  drift.  Along  its  northern 
border  is  the  southernmost  of  the  ridges  described  in  the  account  of 
Benton  County.  It  has  a  breadth  of  2  or  3  miles  and  a  relief  above 
the  plain  on  the  south  of  40  to  50  feet  or  more.  A  few  miles  south- 
east of  this  ri<^ge  is  a  larger  one,  which  enters  the  State  near  State 
Line  village,  passes  northeastward  nearly  to  Williamsport,  and  there 
turns  north  along  the  west  side  of  Pine  Creek.  This  ridge  is  3  to  6 
miles  in  width  and  has  a  relief  of  30  to  60  feet  or  more  above  border- 
ing plains  on  the  north  and  south.  East  from  Pine  Creek  are  two 
ridges  trending  from  northwest  to  southeast,  extending  from  the  val- 
ley of  the  creek  to  the  valley  of  the  Wabash,  a  distance  of  8  or  10 
miles.  They  are  each  a  mile  or  more  in  width,  and  stand  30  or  40  feet 
above  the  bordering  plains.  The  narrow  plain  between  them  is 
scarcely  1  mile  in  average  width.  The  extreme  northeastern  part  of 
the  county  is  a  plain.  It  is  estimated  that  fully  one-half  the  area  of 
the  county  is  occupied  by  the  drift  ridges. 

The  surface  portion  of  the  drift  throughout  the  county  is  usually  a 
compact  till,  though  the  portion  east  from  Pine  Creek  becomes  gravelly 
in  limited  areas.  Along  the  Wabash  there  are  conspicuous  gravel 
terraces  below  Williamsport.  Above  that  city  the  valley  is  too  nar- 
row for  extensive  development  of  terraces.  The  narrowness  is  due 
to  the  resistant  rock  strata  in  which  the  stream  has  cut  its  passage. 
It  is,  however,  seldom  less  than  one-half  mile  in  width. 

For  some  distance  north  from  the  Wabash,  unless  it  be  at  the  extreme 
eastern  border  of  the  county,  rock  is  encountered  at  comparatively 
slight  depth,  seldom  more  than  100  feet;  but  along  the  northern  border 
of  the  county  it  is  probable  that  the  drift,  like  that  of  the  adjoining 
portion  of  Benton  County,  is  300  to  400  feet  or  more  in  thickness. 

Individual  wells. — But  few  well  records  have  been  obtained  in  this 
county,  owing  partly  to  the  fact  that  wells  are  generally  obtained  at 
comparatively  slight  depth. 

At  Williamsport,  the  county  seat,  wells  vary  greatly  in  depth,  there 
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being  a  range  from  14  feet  np  to  about  100  feet.  In  a  i)ortion  of  the 
city  rock  is  struck  at  10  to  15  feet,  but  there  are  places  where  the 
^drift  attains  a  thickness  of  85  feet.  A  boring  for  gas  at  this  city  1,540 
feet  in  depth  found  fresh  water  at  a  depth  of  65  feet  in  great  quan- 
tity;  also  at  about  165  feet.  From  the  latter  depth  water  rises  within 
32  feet  of  the  surface.  Salt  water  was  struck  at  about  1,200  feet. 
Oas  not  being  obtained,  the  salt  water  was  shut  off,  and  the  fresh 
water  is  thus  available  for  water  supply.  The  well  is  estimated  to 
yield  20  gallons  per  minute. 

On  the  Wabash  terrace  below  WiUiamsport,  which  stands  about 
100  to  110  feet  above  the  river,  several  wells  have  been  sunk  to  the 
level  of  low  water  in  the  river.  They  are  through  gravel  or  sand 
their  entire  depth.  The  water  rises  and  falls  with  the  rise  and  fall 
of  the  river. 

A  boring  for  coal  at  West  Lebanon  penetrated  a  soil  containing 
wood  and  leaves  beneath  the  blue  till  at  a  depth  of  140  feet.  Rock 
was  entered  a  short  distance  beneath  this  soil.  About  a  mile  south- 
east from  West  Lebanon,  on  ground  nearly  100  feet  higher,  rock  is 
struck  at  a  depth  of  only  60  feet. 

TIPPECANOE  COUNTY. 

General  statement. — Tippecanoe  County  is  situated  somewhat  north 
of  the  middle  of  the  western  part  of  the  State,  with  Lafayette,  the 
county  seat,  near  its  geographic  center.  It  has  an  area  of  500  square 
miles.  The  greater  part  of  the  surface  is  plain  or  but  gently  undu- 
lating. There  are,  however,  in  the  southern  half  a  number  of  sharp 
.gravelly  knolls  and  ridges,  which  in  places  constitute  a  nearly  con- 
tinuous belt.  The  most  conspicuous  one,  known  as  High  Gap  Ridge, 
leads  from  Culver  Station  westward  past  Taylor  and  West  Point  to 
the  vicinity  of  the  Fountain  County  line.  It  is,  however,  less  than  a 
mile  in  width,  and  the  height  of  the  ridges  and  knolls  seldom  exceeds 
50  feet.  The  most  conspicuous  topographic  feature  of  the  county  is 
the  troughlike  valley  traversed  by  the  Wabash  River.  The  valley 
proper  has  a  depth  of  more  than  100  feet.  From  its  borders  there  is 
a  gradual  rise  both  to  the  northwest  and  southeast — to  an  altitude  in 
the  northwest  more  than  200  feet  above  the  river,  and  in  the  south- 
east to  fully  300  feet. 

With  the  exception  of  the  sharp  gravelly  knolls  referred  to  above, 
the  surface  portion  of  the  drift  is  composed  largely  of  compact  till. 
The  wells  of  the  county  usually  find  water  at  convenient  depths,  sel- 
dom penetrating  so  much  as  80  feet.  The  lower  portion  of  the  drift, 
so  far  as  tested  by  deep  borings  and  by  exposures  along  the  Wabash 
*  and  its  tributaries,  is  largely  sand  and  gravel. 

The  thickness  of  the  drift  varies  greatly,  partly  because  of  differ- 
ence in  surface  elevation,  but  more  largely  because  of  inequalities  of 
the  underlying  rock  surface.     In  the  western  part  of  the  county,  in 
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the  vicinity  of  the  Wabash  River,  rock  ledges  rise  to  a  height  of  50 
to  100  feet  or  more  above  the  stream,  and  are  well  exposed  on  Flint 
Creek  and  Indian  Creek.  In  the  northeastern  part  of  the  county, 
also,  there  are  rock  exposures  on  the  borders  of  the  Wabash  and  the 
lower  course  of  Sugar  Creek.  Between  these  exposures,  occupying 
the  central  x)ortion  of  the  county,  there  is  a  deeply  filled  basin,  with 
drift  300  feet  or  more  in  thickness.  This  appears  to  be  part  of  a 
great  valley  or  trough  which  leads  westward  across  southern  Benton 
County. 

To  sustain  the  view  that  a  deeply  filled  valley  extends  westward 
across  northern  Tippecanoe  County,  two  well  sections  in  the  north- 
western part  of  the  county  are  cited.  One,  in  sec.  26,  T.  24,  R.  6  W., 
reaches  a  depth  of  176  feet  without  encountering  rock;  another,  in 
sec.  18,  T.  24,  R.  5  W.,  strikes  no  rock  at  a  depth  of  126  feet.  Toward 
the  south,  near  the  Wabash  River,  the  rock  appears  in  valleys  of 
streams  at  a  higher  level  than  the  botton  of  these  wells.  Passing 
northward  into  White  County  the  rock  appears  at  higher  level  than 
at  these  wells.  It  seems  probable  that  the  deepest  portion  of  the 
valley  passes  near  Dayton  and  Lafayette  and  thence  north  of  west 
across  the  northwest  part  of  the  county,  beyond  which  it  finds  its 
continuation  westward  through  southern  Benton  County. 

Along  the  valley  of  the  Wabash  there  are  gravel,  terraces  reaching 
a  height  of  nearly  100  feet  above  the  stream.  The  most  conspicuous 
are  located  below  Lafayette,  where  they  receive  the  name  Wea  Plain. 
They  are  also  conspicuous  in  the  vicinity  of  Battle  Ground  village^ 
above  Lafayette. 

Individual  wells. — WeUs  on  the  terraces  of  the  Wabash  near  Bat- 
tle Ground  usually  obtain  no  water  within  50  feet  of  the  surface,  and 
in  some  instances  are  put  down  to  a  depth  of  60  or  80  feet.  Mr.  J.  M. 
Hicks's  well,  in  the  village  of  Battle  Ground,  is  79  feet,  entirely  through 
gravel,  sand,  or  other  alluvial  deposits.  Mr.  J.  P.  Clute's  well,  in  the 
same  village,  is  60  feet,  striking  blue  till  near  the  bottom.  Wells  east 
from  Battle  Ground,  near  the  mouth  of  Moots  Creek,  are  not  infre- 
quently 75  feet  in  depth,  and  are  largely  through  sand  and  gravel. 

On  the  uplands  west  from  Battle  Ground  wells  usually  are  obtained 
at  about  20  or  30  feet,  but  are  occasionally  deeper.  The  following  sec- 
tions of  wells  in  that  region  have  been  published  by  Mr.  Gorby:* 

John  Livingston's  well,  2  miles  west  of  Battle  Ground,  penetrates — 

Feet. 

1.  Sou  and  yellow  clay 30 

2.  Dry  sand 20 

8.  Blue  clay 80 

4.  Cemented  gravel — 3 

6,  Loose  gravel 18* 

Total 95 

*  Fifteenth  Ann.  Rept.  Indiana  Geol.  Survey,  pp.  87-0(>. 
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James  Bryant's  well,  3  miles  west  of  Battle  Ground,  penetrates — 

Feet. 

1.  Soil  and  yellow  clay 4 

2.  Bine  clay 50 

8.  Dry  Band 20 

4,  Coarse  gravel 3 

Total 76 

East  of  the  Wabash,  in  the  northern  portion  of  the  county,  in  the 
vicinity  of  Buck  Creek  village,  wells  are  reported  by  Mr.  Gorby  to  be 
occasionally  50  to  65  feet  in  depth.  At  John  Stanfield's  a  well  65  feet 
penetrates  sand  nearly  50  feet  before  obtaining  a  coarse  water  stratum. 
At  Moses  Cole's,  about  2  miles  west  of  Buck  Creek  Station,  a  well 
penetrates  55  feet  of  gravel  and  sand,  entering  a  blue  till  near  the 
bottom.  In  Buck  Creek  village,  W.  W.  C.  Brown's  well,  50  feet  in 
depth,  penetrates  till  20  feet,  beneath  which  is  a  line  yellow  sand. 

In  eastern  Tippecanoe  County  wells  are  usually  obtained  at  20  to 
40  feet.  Mr.  Gorby  reports  an  unusually  large  amount  of  yellow  till 
in  that  region,  it  being  frequently  23  to  30  feet  in  depth. 

The  gas- well  boring  at  Dayton,  in  the  eastern  part  of  the  county, 
penetrates  about  300  feet  of  drift,  of  which  a  large  part  is  thought  to 
be  sand. 

At  Lafayette  an  artesian  well,  in  the  valley  of  the  Wabash,  about 
55  feet  above  low-water  mark,  or  560  feet  above  tide,  penetrates  170 
feet  of  drift  and  obtains  a  flow  of  water  from  the  Lockport  limestone 
at  230  feet.  The  section  of  this  well  published  by  Mr.  Gorby  shows 
variable  beds  of  sand,  gravel,  and  clay  to  a  depth  of  30  feet,  where  a 
dark-gray  clay  is  entered  which  extends  to  the  depth  of  102  feet. 
Beneath  this  there  is  a  series  of  sand,  gravel,  and  clay  beds  about  30 
feet,  below  which  is  a  very  bowldery  bed,  40  feet  in  thickness,  extend- 
ing to  the  rock.  An  analysis  of  the  water  from  this  well  appears 
elsewhere.* 

The  city  water  supply  of  Lafayette  is  obtained  from  a  gravel  bed 
under  the  Wabash  River,  about  40  feet  below  the  bed  of  the  stream. 
The  water  is  found  in  such  abundance  at  this  horizon  that  the  springs 
which  arise  from  it  furnish  a  considerable  portion  of  the  water  flowing 
in  the  Wabash  in  dry  seasons. 

Private  wells  in  Lafayette  range  in  depth  from  10  feet  up  to  60  feet, 
but  are  most  numerous  at  40  to  60  feet.  As  the  city  is  located  on  a 
hillside,  with  variations  of  nearly  200  feet  in  elevation,  the  wells 
are  obtained  from  several  different  horizons.  Exposures  of  the  drift 
are  quite  extensive  in  the  southern  part  of  the  city.  They  uniformly 
show  a  large  amount  of  sand  and  gravel  beneath  a  comparatively  thin 
sheet  of  till. 

On  the  gravel  terrace  in  west  Lafayette,  near  Purdue  University, 
which  stands  about  100  feet  above  the  river,  wells  are  often  sunk  to 
the  level  of  the  river  bed  through  the  sand  and  gravel  of  the  terrace. 

»  Eighteenth  Ann.  Rept.  U.  S.  Geol.  Survey »  Part  IV,  p.  4S6. 
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On  the  portion  of  the  terrace  below  Lafayette,  known  as  the  Wea 
Plain,  wells  are  frequently  put  down  to  a  depth  of  100  feet  or  more, 
thus  reaching  the  level  of  the  river.  In  the  northeastern  portion  of 
the  Wea  Plain  wells  encounter  a  blue  till  before  reaching  the  level  of 
the  river,  but  throughout  much  of  the  terrace  the  gravel  extends 
below  river  level.  A  well  on  this  terrace  reported  by  Mr.  Gorby  has 
the  following  section: 

Feet. 

1.  Soil 3 

2.  Fine  gravel 40 

8.   Sand  and  gravel 83 

4.  Ghravel 40 

Total 115 

This  well  is  located  about  1^  miles  south  of  the  river  in  sec.  30,  T. 
23,  R.  6  W.  It  is  stated  that  at  x>oint8  nearer  the  river  wells  in  some 
instances  go  to  a  depth  of  125  or  130  feet  before  obtaining  water.  At 
points  more  remote  from  the  river  water  is  obtained  at  less  depth. 

In  the  southern  part  of  the  county  wells  are  quite  generally  obtained 
at  slight  depth,  seldom  exceeding  30  feet  and  often  but  12  to  20  feet. 
In  this  region  there  is  very  often  a  bed  of  water-bearing  gravel  or 
sand  at  the  base  of  the  yellow  till,  10  to  15  feet  from  the  surface,  which 
affords  sufficient  water  for  wells.  In  some  cases,  however,  wells  are 
carried  into  the  underlying  blue  till  and  obtain  water  at  depths  of  30 
to  40  or  50  feet. 

CARROLL    COUNTY. 

General  statement. — Carroll  County  is  situated  in  the  north-central 
portion  of  the  State  and  includes  the  part  of  Wabash  Valley  immedi- 
ately above  Tippecanoe  County.  Delphi  is  its  county  seat.  Its  area 
is  370  square  miles.  The  greater  part  of  the  county  lies  on  the  east 
side  of  the  Wabash  River.  On  the  west  there  is  a  narrow  wedge  of 
upland  occupying  the  interval  between  the  Wabash  and  Tippecanoe 
rivers.  There  is  a  continuous  ascent  from  the  east  bluff  of  the  Wabash 
southeastward  beyond  the  limits  of  the  county,  an  altitude  of  over  800 
feet  above  tide  being  attained  in  its  southeastern  corner.  The  imme- 
diate bluffs  of  the  Wabash  are  only  675  feet,  while  the  stream  is  about 
125  feet  lower. 

The  surface  of  the  county  is  either  plane  or  gently  undulating,  if  we 
except  a  few  sharp  drift  knolls  in  the  extreme  northwest  corner.  The 
tributaries  of  the  Wabash  have  all  shallow  channels.  There  is  there- 
fore no  conspicuous  topographic  feature  within  the  county  except  the 
Wabash  Valley,  which  has  a  breadth  of  a  mile  or  more  and  a  depth 
of  125  to  150  feet.  This  valley  is  bordered  by  gravel  terraces  similar  to 
those  of  Tippecanoe  County,  the  highest  of  which  stand  fully  100  feet 
above  the  level  of  the  river.     Lower  terraces  occur  at  several  heights. 

The  thickness  of  the  drift  varies  greatly,  there  being  quite  extensive 
areas  in  the  vicinity  of  Delphi,  where  rock  is  exposed  up  to  a  height 
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of  nearly  50  feet  above  the  river.  At  Monticello,  near  the  northwest 
comer  of  the  county,  the  rock  floor  is  found  at  a  level  about  100  feet 
lower  than  the  Wabash.  Borings  in  neighboring  portions  of  Howard 
and  Clinton  counties  on  the  southeast  show  drift  200  to  250  feet  or 
more  in  thickness,  the  rock  floor  being  lower  than  at  the  outcrops 
along  the  Wabash  Biver. 

The  drift  of  this  county,  so  far  as  penetrated  in  wells,  is  generally  a 
comx)act  till.  Exposures  along  the  streams  also  are  usually  mainly 
till.  The  wells  being  shallow  over  the  greater  part  of  the  county,  the 
structure  of  the  deeper  portion  of  the  drift  is  not  known. 

There  are  very  strong  springs  in  the  vicinity  of  Delphi,  from  which 
the  city  water  supply  is  obtained.  Their  location  is  about  3  miles 
northeast  of  the  city,  on  the  farm  of  Greorge  Snyder.  The  supply  is 
piped  to  the  city  and  distributed  from  the  standpipe  and  also  by 
direct  pressure.^ 

Individucd  weUs, — Wells  are  usually  obtained  at  such  shallow  depths 
that  records  of  but  few  of  them  were  obtained.  One  of  the  deepest 
was  found  at  Rockfield,  in  the  northern  part  of  the  county,  where  till 
to  a  depth  of  57  feet  was  i>enetrated  and  no  rock  encountered.  The 
dag  wells  at  Rockfleld  are  only  15  to  25  feet  in  depth.  Tubular  wells 
are  50  feet  or  more. 

Along  the  Wabash  terraces,  both  above  and  below  Delphi,  wells  are 
occasionally  carried  to  a  depth  of  40  feet  in  gravel  and  sand;  but  in 
the  vicinity  of  Delphi,  where  rock  underlies  the  terrace  at  slight 
depth,  they  are  sometimes  found  at  the  base  of  the  gravel  10  to  20 
feet.  On  the  narrow  strip  of  upland  west  of  the  Wabash  records  of 
two  wells  were  obtained,  each  about  50  feet  in  depth,  one  of  which 
was  largely  through  till  and  the  other  largely  through  sand  and  gravel, 
though  only  40  rods  apart. 

At  Flora  a  gas-well  boring  penetrates  136  feet  of  drift  thought  to 
be  largely  till.  There  are  several  flowing  wells  at  this  village  obtain- 
ing water  at  depths  of  12  to  47  feet,  the  distance  to  the  water-bearing 
stratum  differing  in  the  several  wells.  The  wells  are  located  on  low 
gronnd  along  Bachelor's  Run,  and  their  head  is  only  about  5  feet  above 
the  surface. 

CLINTON  COUNTY. 

General  staiement. — Clinton  County  is  situated  in  the  north-central 
portion  of  the  State,  south  of  Carroll  and  east  of  Tippecanoe  County, 
with  Frankfort  as  its  county  seat.  It  has  an  area  of  400  square  miles. 
This  county  is  an  elevated  plain,  in  which  the  slope  is  westward  and 
northward  from  the  southeast  part.  Its  highest  points  are  probably 
950  feet  above  tide,  while  its  lowest  are  about  700  feet.  To  the  trav- 
eler, however,  the  county  has  the  appearance  of  a  nearly  level  plain, 
the  rate  of  descent  being  gradual. 

>  SeTenteenth  Ann.  Bept.  Indiana  6tool.  Surrey,  p.  172. 
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The  greater  elevation  of  the  southeastern  portion  of  the  county  has 
been  shown  by  numerous  gas- well  borings  to  be  due,  not  to  the  height 
of  rock  surface,  but  to  accumulations  of  drift,  there  being  about  300 
feet  of  drift  in  that  part  of  the  county. 

The  surface  portion  of  the  drift  of  this  county  is  a  compact  till,  but 
gas-well  borings  show  that  the  deeper  portion  is  largely  sand  and 
gravel. 

Individual  weUs. — ^At  Frankfort,  the  county  seat,  dug  wells  are 
usually  obtained  at  18  to  25  feet.  Tubular  wells  find  a  large  supply 
of  water  at  55  to  65  feet.  The  wells  range  in  depth  from  10  up  to  90 
feet.  In  the  shallow  wells  sufGicient  clay  is  usually  penetrated  to 
insure  freedom  from  surface  contamination,  though  in  some  cases  the 
water  rises  so  near  the  surface  as  to  be  easily  contaminated. 

The  city  water  supply  of  Frankfort  is  obtained  from  wells  sunk  to  a 
depth  of  about  30  feet  below  a  reservoir  which  is  itself  28  feet  in  depth. 
The  water  fills  this  reservoir  within  3  feet  of  the  surface.  Six  wells, 
8  inches  in  diameter,  are  estimated  to  furnish  about  6,000,000  gallons 
a  day.  A  gas-well  boring  in  the  northeast  part  of  Frankfort  has  the 
following  section : 

Feet. 

1.  Till 30 

2.  Qnicksand 10  or  15 

8.  Hard  clay  and  gravel,  with  flow  of  water  near  bottom 25  or  30 

4.  Gravel  and  sand,  with  thin  clay  beds 1&7 

5.  Bine  pebbly  clay 13 

Total 278 

A  well  in  the  western  part  of  the  city  did  not  reach  rock  at  297  feet. 
For  several  miles  south  and  east  from  Frankfort  water  is  obtained  at 
15  to  30  feet,  being  mainly  through  till,  with  water-bearing  gravel 
at  bottom.  North  and  west  from  the  city  the  wells  are  often  of 
greater  depth. 

At  Scircleville  a  gas-well  boring  penetrated  296  feet  of  drift,  of 
which  the  upper  150  feet  is  largely  till,  but  the  remainder  is  mainly 
sand  and  gravel.  Near  the  east  line  of  the  county,  about  3  miles  east 
of  Scircleville,  a  gas- well  boring  enters  rock  at  260  feet.  The  drift 
there  is  mainly  a  blue  till. 

At  Kirklin,  in  the  southeast  part  of  the  county,  a  gas-well  boring 
has  252  feet  of  drift,  of  which  the  upper  40  feet  is  till,  but  the  remain- 
der has  alternations  of  sand  and  gravel  in  thin  beds,  with  somewhat 
thicker  sheets  of  till.  The  wells  in  the  vicinity  of  Kirklin  obtain  a 
strong  supply  of  water  at  40  feet.  West  from  Kirklin  wells  are  often 
obtained  at  16  or  18  feet.  Tubular  wells  are,  however,  60  or  70  feet, 
mainly  through  till. 

At  Colfax  the  deepest  wells  are  60  or  70  feet,  mainly  through  blue 
till.     Shallower  wells  are,  however,  common  in  that  region. 

At  Mulberry,  in  the  western  part  of  the  county,  at  an  elevation  754 
feet  above  tide,  a  water  well  at  the  railway  station,  220  feet  in  depth, 


lAYBBETT.]  HOWARD   COUNTY.  73 

did  not  reach  rock.  It  is  mainly  through  till.  Another  well  at  a 
sawmill  in  the  same  village  is  150  feet  in  depth,  mainly  blue  till. 

Near  Gittingsville,  in  the  northern  part  of  the  county,  several  flow- 
ing wells  have  been  obtained  at  about  20  feet.  They  are  along  a  val- 
ley in  sec.  19,  T.  23,  R.  1  E.  In  section  30  of  the  same  township  a 
well  at  R.  O.  Young's,  71  feet  in  depth,  penetrates  till,  with  thin  beds 
of  gravel  and  sand. 

In  the  vicinity  of  Sedalia,  in  the  extreme  northern  portion  of  the 
county,  wells  are  occasionally  sunk  to  a  depth  of  80  feet  through  till, 
but  are  usually  shallower.  A  well  at  J.  H.  Brown's,  in  sec.  24,  T.  23, 
R.  1  W.,  126  feet  in  depth,  penetrates — 

Feet. 

1.  Till 68 

2.  Sand,  with  vegetal  deposits  and  inflammable  gas 16 

3.  Sand 42 

4.  Gravel,  with  water  at  bottom. 

Total 126 

In  the  Fifteenth  Report  of  the  Indiana  Survey  attention  is  called  to 
the  occurrence  of  many  bowlders  in  the  blue  till  in  Stony  Prairie,  5 
or  6  miles  southwest  from  Frankfort,  from  the  surface  down  to  a 
depth  of  50  feet.  The  western  half  of  the  county  is  liberally  strewn 
with  bowlders,  but  they  seldom  extend  to  such  depth  as  to  be  trouble- 
some in  excavating  wells. 

HOWARD  COUNTY. 

Oeneral  statement. — Howard  County  is  situated  in  the  north-central 
portion  of  the  State,  immediately  south  of  Cass  and  Miami  counties, 
with  Kokomo  as  its  county  seat.  Its  area  is  300  square  miles.  The 
entire  surface  of  the  county  is  plain  or  gently  undulating,  there 
being  few,  if  any,  knolls  and  ridges  rising  more  than  20  feet  above 
the  general  level.  With  the  exception  of  a  narrow  belt  along  Wild 
€at  Creek,  west  from  Kokomo,  which  is  less  than  800  feet  above  tide, 
and  possibly  a  narrow  strip  on  the  north  border,  the  county  stands 
between  the  800  and  900  feet  contour. 

The  greater  portion  of  the  county  has  a  moderate  coating  of  drift, 
75  feet  or  less.  But  the  southwestern  part  has  a  larger  amount,  there 
being  at  Russiaville  and  neighboring  points  about  150  feet.  Where 
the  drift  is  of  moderate  depth  it  is  composed  mainly  of  till,  but  the 
deeper  portions  include  much  sand  and  gravel  in  their  lower  part. 
Wells  not  infrequently  find  abundance  of  water  at  10  or  20  feet,  in 
beds  of  gravel  between  the  yellow  and  blue  till,  and  they  rarely  pene- 
trate to  a  greater  depth  than  40  feet. 

Individiud  wells. — At  Kokomo  wells  are  usually  obtained  at  35  or 
40  feet,  either  in  gravel  near  the  base  of  the  drift  or  in  the  upper  part 
of  the  underlying  limestone.  A  few  deep  wells  100  to  150  feet  have 
been  sunk.  The  city  waterworks  are  supplied  from  wells  100  feet  in 
depth. 


74  WELLS   OF   NORTHERN  INDLLNA.  [ho-SL 

Several  gas  borings  have  been  made  in  the  vicinity  of  Eokomo.  In 
some  cases  the  wells  have  encountered  90  feet  of  drif t,  but  there  is 
usually  a  much  smaller  amount.  Some  of  those  in  Wild  Cat  Creek 
bottom  and  on  the  plain  south  of  the  creek  enter  rock  at  10  to  20  feet 
or  less.  As  a  rule,  these  wells  are  productive  of  gas.  Those  to  the 
west  of  the  city  in  some  cases  yield  no  gas,  but,  instead,  a  flow  of 
water.  In  the  Indianapolis  Sentinel  for  July  18, 1895,  it  is  stated  that 
one  of  these  wells  had  been  turned  to  good  account  by  a  farmer  for 
irrigation  during  a  season  of  excessive  drought.  Where  the  water 
contains  only  a  moderate  amount  of  saline  matter  such  wells  might  bo 
made  to  return  some  small  share  at  least  of  the  exx>ense  incurred  in 
drilling  for  the  gas. 

At  the  village  of  Greentown,  8  miles  east  of  Eokomo,  wells  are 
usually  obtained  at  20  to  25  feet  in  gravel  below  till.  A  lower  vein  of 
water  is  obtained  at  35  to  45  feet.  Gas- well  borings  at  this  point  show 
the  drift  to  be  about  85  feet  in  thickness. 

At  Fairfield,  6  ndles  southeast  of  Kokomo,  wells  are  usually  ob. 
tained  at  20  or  30  feet,  there  being  about  20  feet  of  surface  till.  The 
drift  in  the  vicinity  of  Fairfield  is  shown  by  gas  borings  to  range  from 
25  feet  up  to  fully  75  feet  in  depth.  The  well  near  the  railway  station 
has  47  feet  of  drift,  of  which  the  upper  18  or  20  feet  is  till  and  the 
remainder  gravel.  A  well  4  miles  west  of  Fairfield  was  found  to  have 
165  feet  of  drift. 

A  strong  flow  of  fresh  water  was  obtained  from  the  limestone  in  a 
well  half  a  mile  north  of  Fairfield  at  a  depth  of  110  feet.  It  is  esti- 
mated to  discharge  5,000  barrels  per  day.  The  head  is  only  6  feet 
above  the  surface  of  the  ground,  and  the  well  mouth  at  this  point  is 
25  feet  lower  than  at  Fairfield  railway  station. 

At  Tampico,  about  3  miles  northeast  of  Fairfield,  wells  are  usually 
obtained  at  30  feet.  The  drift  at  that  point  is  shown  by  a  gas  boring 
to  be  103  feet  in  depth,  of  which  the  upper  25  feet  is  till;  the  remain- 
der consists  of  alternations  of  sand  and  till.  A  well  3  miles  northeast 
of  Tampico,  bored  for  gas,  has  115  feet  of  drift.  It  is  reported  to 
have  passed  through  a  bed  of  soil  containing  leaves  at  a  depth  of  103 
to  105  feet. 

A  gas  well  at  Sylvanus  Barrett's,  in  the  southeast  township  of  the 
county,  has  98  feet  of  drift,  of  which  only  the  upper  10  feet  is  bill> 
the  remainder  being  gravel,  a  part  of  which  is  cemented. 

At  Russiaville,  in  the  southwest  township  of  the  county,  the  gas- 
well  boring  penetrates  153  feet  of  drift,  as  follows: 

Feet. 

1.  Yellowtill lOto   12 

2.  Sand  with  water 3to     4 

8.  Bine  till 40 

4.  Sand  and  gravel,  with  thin  beds  of  till 95  to  100 

Total 153 

Water  wells  in  that  vicinity  are  obtained  at  shallow  depths  in  the 
sand  between  till  sheets. 
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TIPTON  COUNTY. 

Qeneral  statement — Tipton  County  is  situated  in  north-central 
Indiana,  immediately  south  of  Howard  County,  with  Tipton  as  its 
county  seat.  Its  area  is  260  square  miles.  The  surface  of  this  county, 
like  that  of  Howard,  is  gently  undulating,  and  there  is  a  thicker 
deposit  of  drift  in  its  western  than  in  its  eastern  portion.  The  west- 
em  portion  is  also  corresjiondlngly  higher.  In  the  southwestern  part 
of  the  county  the  altitude  exceeds  900  feet,  while  in  the  northeastern 
itu  little  more  than  800  feet.  The  drift  in  the  southwestern  part 
is  250  to  300  feet  in  depth,  while  in  the  northeastern  it  is  75  to  lOO 
feet.  The  surface  portion  of  the  drift  is  generally  a  compact  till,  but 
the  deeper  x>ortion  contains  large  amounts  of  sand  and  gravel. 

Individtud  wells. — ^At  Sharpsville,  on  the  north  border  of  the 
county,  the  gas-well  borings  pass  through  about  70  feet  of  drift, 
mainly  till.  Water  wells  are  obtained  at  20  or  25  feet  or  less,  in  thin 
beds  of  sand  or  gravel  associated  with  the  till. 

At  the  village  of  Windfall,  in  the  northeast  part  of  the  county,  the 
drift  at  a  gas  boring  is  72  feet.  There  are,  however,  thin  beds  of  sand 
and  gravel  associated  with  the  till,  which  afford  water  for  the  wells. 

On  the  east  border  of  the  county,  in  the  vicinity  of  Elwood,  the 
drift  ranges  from  40  feet  up  to  more  than  100  feet  in  the  several  gas 
wells  which  have  been  sunk.  It  is  mainly  a  blue  till,  but  with  the  till 
there  are  beds  of  sand  and  gravel  furnishing  water  at  moderat>e  depths. 

In  the  vicinity  of  Hobbs  Station,  and  southeastward  to  the  south- 
east corner  of  the  county,  gas  wells  usually  enter  rock  at  about  70  or 
80  feet,  and  the  great-er  portion  of  the  drift  is  till. 

At  Tipton,  near  the  center  of  the  county,  the  gas  wells  show  140  to 
200  feet  of  drift,  the  greatest  depth  being  found  on  the  bank  of  Cicero 
Creek,  in  the  east  part  of  the  city.  The  dug  wells  are  often  obtained 
at  shallow  depths,  12  to  20  feet,  and  it  is  thought  they  are  liable  to 
surface  contamination,  as  the  drift  is  of  a  porous,  gravelly  consti- 
tution. Better  wells  are  found  at  50  to  100  feet,  after  penetrating  a 
sheet  of  till.  Fresh  water  may  be  obtained  from  the  limestone,  also 
at  several  horizons  down  to  about  400  feet,  below  which  depth  it  is 
liable  to  become  brackish.  The  city  water  supply  is  derived  from 
near  the  top  of  the  limestone. 

At  Kempton,  in  the  western  part  of  the  county,  water  is  usually 
obtained  at  about  35  feet,  in  the  gravel  between  sheets  of  till.  Sev- 
eral gas  wells  have  been  sunk  in  the  vicinity  of  Kempton,  which  show 
the  drift  to  be  240  to  300  feet  in  thickness.  One  of  these  borings,  in 
the  east  part  of  the  village,  penetrates  the  following  drift  series: 

Feet. 

1.  Yellowtill 10 

2.  Sand  and  till,  each  in  beds  a  few  feet  thick 165 

8.  Gravel 65 

4.  Sand 17 

Total 257 
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Another  well  in  the  village  with  305  feet  of  drift  penetrates 


Feet 

1.  Till,  with  thin  sand  beds 200 

2.  Sand  and  gravel 80 

8.  Hard  brown  till 25 

Total 805 

A  gas  well  half  a  mile  east  of  Kempton  has  243  feet  of  drift,  con- 
sisting mainly  of  till,  but  having  thin  beds  of  sand  and  gravel. 

At  the  village  of  Atlanta  a  gas- well  boring  penetrates  about  300 
feet  of  drift.  Several  gas-well  borings  in  the  southwest  part  of  the 
county  also  penetrate  drift  250  to  300  feet. 

The  following  drift  section  appears  in  a  gas  boring  near  the  center 
of  the  county,  3  miles  east  of  Tipton: 

Feet. 

1.  Till,  yellow  and  blae 38 

2.  Gravel 5 

«.  Bine  till 45 

4.  Gravel 15 

Total 108 

A  gas  well  in  sec.  10,  T.  21,  R.  5  E.,  penetrates  130  feet  of  drift, 
as  follows: 

Foot 

1.  Yellow  till 10 

-2,  Gravel 20 

8.  Bine  till 80 

4.  Gravel 20 

Total 130 

GRANT  COUNTY. 

Oeneral  statement, — Grant  County  is  situated  in  the  north-central 
part  of  the  State,  with  Marion  as  its  county  seat,  and  has  an  area  of 
420  square  miles.  It  is  traversed  nearly  centrally  from  southeast  to 
northwest  by  the  Mississinewa  River.  Along  the  east  border  of  this 
stream  is  the  Mississinewa  moraine,  having  a  breadth  of  about  5  miles. 
Aside  from  this  moraine  the  surface  of  the  county  is  a  gentl}"^  undulat- 
ing plain.  The  moraine  itself  has  gentle  swells  and  sags  and  is  not 
strikingly  in  contrast  with  the  plains.  Its  reUef,  however,  being  50 
feet  or  more,  makes  it  a  noticeable  feature. 

On  the  portion  of  the  county  west  from  the  Mississinewa  River  the 
drift  is  usually  thin,  it  being  often  but  20  feet  or  even  less  in  depth. 
This  district,  however,  appears  to  be  traversed  by  deeply  filled  valleys 
in  which  the  drift  has  a  thickness  of  150  to  160  feet  or  more.  In  the 
northeastern  part  of  the  county  the  drift  deposits  seldom  fall  below 
100  feet,  and  probably  average  nearly  150  feet.  Throughout  the  county 
the  surface  portion  of  the  drift  is  generally  a  compact  till.  In  places 
where  the  drift  is  thick  the  deeper  portions  are  often  made  up  largely 
of  sand  and  gravel. 
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Individ/adl  wells. — ^At  the  city  of  Marion  the  waterworks  are  sup- 
plied from  two  classes  of  wells — first,  drift  wells  70  feet  in  depth; 
second,  wells  in  limestone  240  feet  in  depth.  From  both  classes  of 
wells  the  water  rises  nearly  to  the  surface.  A  well  8  inches  in  diam- 
eter is  estimated  to  yield  nearly  4,000  barrels  per  day.  The  drift  at 
Marion  ranges  from  about  30  feet  in  the  north  part  of  the  city  to  150 
feet  or  more  in  the  south  part.  The  upper  portion  generally  is  till  to 
a  depth  of  30  to  45  feet,  the  remainder  largely  sand  and  gravel. 

At  Jonesboro,  about  6  miles  above  Marion,  on  the  Mississinewa 
River,  wells  are  obtained  in  gravel  below  till  at  depths  of  10  to  45  feet. 
The  gas- well  boring  in  the  village  shows  the  drift  to  be  162  feet. 

At  Upland,  in  the  eastern  part  of  the  county,  wells  are  usually 
obtained  at  about  30  feet,  in  a  bed  of  gravel  between  sheets  of  till.  A 
few  wells  are  sunk  into  the  underlying  rock  and  obtain  water  at  about 
150  feet.     The  waterworks  supply  is  from  these  rock  wells.  , 

At  Van  Buren  the  gas  well  x)enetrates  92  feet  of  drift,  largely  till. 
Wells  in  the  vicinity  of  that  village  are  obtained  at  20  or  30  feet. 

A  gas  boring  in  the  northwestern  part  of  the  county  penetrates  182^ 
feet  of  drift,  which  is  reported  to  be  mainly  sand  and  gravel. 

In  the  southwestern  portion  of  the  county,  although  the  drift  is  thin, 
wells  are  usually  obtained  without  entering  the  rock,  there  being  gen- 
erally a  water-bearing  gravel  at  the  base  of  the  drift.  Gas-well  bor- 
ings in  this  part  of  the  county  show  the  drift  to  have  the  following 
thicknesses  at  the  principal  villages:  At  Switzer,  28  feet;  at  Sway  zee, 
22  feet;  at  Simms,  45  feet;  at  Point  Isabel,  22  feet;  at  Fairmount,  5 
to  35  feet,  the  thickness  varying  in  different  wells.  At  Fairmount 
water  weUs  are  often  drilled  into  the  rock  to  a  depth  of  about  30  feet. 
The  waterworks  supply  is  from  such  wells. 

BLACKFORD  COUNTY. 

General  statement. — ^Blackford  County  is  situated  somewhat  north 
of  the  middle  of  the  eastern  portion  of  the  State,  and  is  one  of  the 
smallest  counties,  having  an  area  of  170  square  miles.  Its  county  seat 
is  Hartford  City.  The  Mississinewa  moraine  traverses  the  southern 
townships  of  the  county  from  west  to  east,  and  occupies  about  75 
square  miles.  The  remainder  of  the  county  is  a  plain.  With  the^ 
exception  of  a  narrow  belt  in  the  northeastern  part,  along  the  Sala- 
monie  River,  the  drift  of  this  county  is  about  like  that  of  northeastern 
Grant  County — 100  to  150  feet  or  more  in  thickness.  In  the  north- 
east comer  the  thickness 'is  but  20  or  30  feet,  or  even  less.  The  drift 
is  composed  mainly  of  a  compact  till,  though  beds  of  sand  and  gravel 
are  sufficiently  numerous  to  supply  water  for  most  of  the  wells  at  mod- 
erate depths. 

Individtiol  weUs. — At  Montpelier,  in  the  northeastern  part  of  the^ 
county,  wells  are  in  some  cases  drilled  into  the  limestone,  though 
usually  obtaining  water  at  the  base  of  the  drift  at  depths  of  15  to  30 
feet. 
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At  Mill  Grove,  in  the  eastern  part  of  the  county,  a  gas-well  boring 
penetrates  143  feet  of  drift,  mainly  till.  Water  wells  are  usually 
obtained  at  moderate  depths,  seldom  more  than  40  feet.  In  a  few 
instances,  however,  they  reach  a  depth  of  fully  100  feet  in  that  part 
of  the  county. 

At  Hartford  City  the  several  gas  borings  show  the  drift  to  range  in 
depth  from  80  feet  up  to  150  feet  or  more.  It  is  composed  of  till, 
interrupted  by  occasional  thin  beds  of  sand.  The  waterworks  supply 
is  from  wells  drilled  into  the  underlying  limestone  to  a  depth  of  about 
250  feet.  A  well  at  one  of  the  hotels  in  Hartford  City  enters  rock 
at  112  feet.  The  upper  80  feet  is  a  nearly  solid  bed  of  till,  below  which 
is  32  feet  of  sand  and  gravel.  A  well  1  mile  northwest  of  "Hartford 
City,  in  section  10,  has  177  feet  of  drift,  of  which  the  upper  100  feet 
is  till  and  the  remainder  largely  sand.  One  well  in  the  southeast  part 
of  Hartford  City  enters  rock  at  about  80  feet  after  penetrating  60  feet 
of  till  and  about  20  feet  of  sand. 

JAY  COUNTY. 

General  statement. — Jay  County  is  situated  on  the  eastern  border  of 
the  State,  somewhat  north  of  the  middle,  with  the  county  seat  at  Port- 
land. Its  area  is  396  square  miles.  This  county  is  traversed  from  west 
to  east  by  two  morainic  belts,  the  Mississinewa  and  the  Salamonie. 
The  Mississinewa  moraine  is  confined  mainly  to  the  southern  tier  of 
townships  and  has  a  breadth  of  about  5  miles.  The  Salamonie 
moraine  is  situated  mainly  in  the  northern  tier  of  townships,  but 
enters  the  northern  portion  of  the  middle  tier  near  the  State  line. 
Its  breadth  is  3  to  5  miles.  The  remainder  of  the  county  has  a  nearly 
plane  surface,  sloping  gently  toward  the  north.  With  the  exception 
of  a  few  sharp  knolls  on  the  Salamonie  moraine  near  Camden  (Penn- 
ville  post-ofl&ce),  in  the  northwest  part  of  the  county,  the  moraines 
have  gentle  swells  and  sags,  which  give  them  but  little  contrast  with 
the  gently  undulating  plains.  They  present,  however,  a  nearly  con- 
tinuous ridge  with  relief  of  30  to  50  feet  or  more  above  the  bordering 
plains.  The  altitude  of  the  southern  portion  of  the  county  exceeds 
1,000  feet.     The  northern  border  of  the  county  falls  below  900  feet. 

The  drift  is  composed  mainly  of  a  sheet  of  compact  till,  and  its 
thickness  probably  averages  about  100  feet.  The  rock  is  rarely  struck 
at  less  than  50  feet,  and  at  Geneva,  near  the  north  border  of  the 
county,  a  gas-well  boring  shows  350  feet  of  drift. 

Individual  wells. — Along  the  north  border  of  the  county,  near  the 
State  line,  rock  is  found  at  10  to  20  feet,  and  wells  are  often  sunk 
into  it  to  slight  depths.  The  thin  drift,  however,  occupies  but  a  few 
square  miles.  At  Bryant,  near  the  middle  of  the  north  line  of  the 
county,  the  drift  was  found  to  be  112  feet  in  thickness. 

About  6  miles  west  of  Bryant,  in  sees.  19  and  30,  T.  24,  R.  13  E., 
wells  are  difficult  to  obtain,  the  moraine  at  that  point  being  composed 
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of  till  to  a  depth  of  125  feet  or  more.  One  well  has  a  depth  of  125 
f eety  another  140  feet,  and  another  155  feet,  none  of  which  enter  rock. 
About  a  mile  west  of  these  wells  rock  is  struck  at  130  feet  in  a  well  in 
section  13,  Penn  Township. 

At  Pennville,  in  southern  Penn  Township,  on  the  Salamonie  River, 
rock  is  struck  at  about  40  feet  in  several  gas  borings. 

At  Portland,  the  county  seat,  wells  are  often  obtained  at  14  to  30 
feet  in  gravel,  but  more  frequently  they  are  drilled  into  limestone, 
which  is  entered  at  30  to  60  feet  in  the  vicinity  of  this  town.  A  few 
wells  have  a  depth  of  150  feet.  The  waterworks  supply  is  from  wells 
drilled  into  the  limestone.  It  is  thought  that  the  shallow  wells  are 
protected  from  contamination  by  a  bed  of  clay  which  overlies  the 
water-bearing  gravel. 

Immediately  east  of  Portland  wells  are  obtained  in  sand  between 
yellow  and  blue  tills  at  12  to  20  feet;  the  blue  till  is  struck  at  15  to 
30  feet,  and  extends  to  the  underlying  rock  at  45  to  50  feet. 

A  well  in  section  18,  Noble  Township,  5  miles  east  of  Portland, 
enters  rock  at  83  feet;  one  in  section  17  enters  rock  at  160  feet,  and 
one  in  section  7  enters  rock  at  57  feet.  They  are  all  situated  near 
the  south  border  of  the  Salamonie  moraine  and  are  mainly  through 
tiU. 

Near  Bellefontaine,  in  the  east  part  of  the  county,  wells  enter  rock 
at  80  to  135  feet  and  are  mainly  through  till. 

At  Ck>mo,  6  miles  southwest  from  Portland,  the  drift  is  80  feet,  and 
at  Red  Key  73  feet,  mainly  till  at  both  places. 

At  Dunkirk,  in  the  southwestern  part  of  the  county,  the  best  weUs 
are  obtained  near  the  top  of  the  limestone  at  depths  of  65  to  100  feet. 
The  waterworks  are  supplied  from  wells  of  this  class.  Shallower 
wells  afford  only  a  small  amount  of  water. 

Along  the  Mississinewa  moraine,  in  the  southern  part  of  the  county, 
farmers  not  infrequently  have  sunk  wells  to  a  depth  of  50  to  75  feet 
or  more  before  obtaining  an  adequate  supply  of  water.  This  moraine 
appears  to  afford  but  little  water  at  shallow  depths.^ 

*  The  size  of  a  single  xmper  in  this  series  being  limited  by  law  to  100  pages,  the  remainder  of 
this  paper— the  portion  relating  to  the  southern  part  of  the  State— will  be  published  as  Water- 
Supply  Paper  Ka  26  (in  press). 
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LETTER  OF  TRANSMITTAL. 


.    Depabtmbnt  of  the  Intebiob, 
United  States  OEOLoaicAL  Subyey, 

Division  of  HTDBOGBAPHTy 

Washington^  October  25^  1898. 
SiB:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Sewage  Irrigation,  Part  II,  prepared  in  October,  1897,  by  Mr.  Oeorge 
W.  Bafter,  of  Rochester,  New  York.  This  paper  consists  in  part  of 
material  famished  for  Water-Snpply  and  Irrigation  Paper  Ko.  3,  on 
Sewage  Irrigation.  In  the  printing  of  that  paper  it  was  found  that 
the  limit  of  100  pages  set  by  law  would  be  exceeded  in  spite  of  consid- 
erable condensation  in  the  form  of  statement.  The  original  manuscript 
was  therefore  divided  into  two  parts,  the  first,  relating  to  the  general 
subject  and  giving  the  practice  abroad,  having  already  appeared  as 
Paper  No.  3.  The  present  manuscript,  which  has  been  considerably 
extended  by  Mr.  Bafter,  is  devoted  mainly  to  the  discussion  of  data 
obtained  in  this  country  and  in  Canada,  and  of  all  the  plants  erected 
and  operated,  together  with  brief  notes  on  the  projected  plants.  There 
is  included  an  appendix  containing  a  list  of  publications  relating  to 
the  subject. 

Very  respectfully,  P.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Chables  D.  Waloott, 

Director  United  States  Geological  Survey. 
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SEWAGE  IRRIGATION,  PART  II. 


By  Oeobge  W.  Rafter. 


Rl^XJMjS  OF  WATKR-STJPPIiY  AND  IBBIGATION  PAPER  NO.  3. 

In  a  previons  pablication  on  sewage  irrigation^  we  discussed  the 
general  principles  governing  the  utilization  of  sewage  in  agricalture,  as 
well  as  the  relations  of  such  utilization  to  the  public  health.  It  was 
shown,  also,  how  the  gradually  increasing  pollution  of  streams  first  led 
in  England  and  other  manufacturing  countries,  to  a  demand  for  sew- 
age purification,  and  the  probable  value  of  sewage  in  agriculture  was 
indicated. 

In  that  paper  the  various  methods  of  sewage  disi)08al  in  common  use 
were  discussed,  with  special  reference  to  the  modern  views  about  nitrifi- 
cation. Descriptions  of  methods  of  applying  sewage  were  given  with 
information  as  to  the  best  crops  for  sewage  farming,  the  proper  quan- 
tity of  sewage  to  be  applied,  limiting  temperatures,  cost  of  labor  on 
sewage  farms,  sanitary  condition  of  such  farms,  and  a  number  of  other 
important  subjects  which  it  is  necessary  that  one  should  understand 
before  embarking  in  sewage-utilization  investments.  Brief  descrip- 
tions were  also  given  of  a  number  of  the  principal  sewage  farms  in 
England,  of  the  sewage  £Eurms  of  the  city  of  Berlin,  Germany,  and  of 
sewage  utilization  in  France  on  the  Plain  of  Gennevilliers. 

In  the  present  paper  it  is  proposed  to  give  additional  data  relating  to 
stream  pollution  and  sewage  purification,  together  with  a  brief  account, 
so  far  as  it  has  been  possible  to  obtain  the  information,  of  every  sewage- 
disposal  plant  in  the  United  States  and  the  Dominion  of  Canada,  whether 
now  in  use  or  abandoned,  that  has  actually  been  built,  or  that  has  had 
plans  prepared  for  its  construction. 

CUMATIC  AND  GEOGRAPHIC  DISTRIBUTION  OF  SEWAGE- 

DISPOSAIi  WORKS. 

As  regards  rainfall,  the  United  States  divides  naturally  into  three 
regions — ^the  humid,  subhumid,  and  arid.  The  humid  region  includes 
all  of  the  country  east  of  the  Mississippi  River,  together  with  the 
States  of  Iowa,  Missouri,  Arkansas,  and  Louisiana  west  of  that  river. 

1  Water-Sapply  and  Irrigation  Paper  No.  3, 1897, 100  pp.,  4  pis. 
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It  also  includes  portions  of  Forth  Dakota,  South  Dakota,  Nebraska^ 
Kansas,  Indian  Territory,  and  Texas.  The  sabhnmid  region  may  be 
taken  to  include  the  remainder  of  North  Dakota,  South  Dakota, 
Nebraska,  Kansas,  Indian  Territory,  and  Texas.  The  arid  region 
embraces  Arizona,  Galifomia,  Colorado,  Idaho,  Montana,  Nevada,  New 
Mexico,  Oregon,  Utah,  Washington,  and  Wyomipg,  although  limited 
areas  in  several  of  these  States  and  Territories  may  be  classed  as 
humid. 

The  great  lack  of  water  in  the  subhumid  and  arid  regions  would 
naturally  indicate  a  relatively  large  development  of  sewage  irrigation 
in  those  portions  of  the  United  States.  As  a  matter  of  fact,  however, 
other  conditions  than  mere  shortage  of  water  have  controlled — ^for 
instance,  the  degree  of  advancement  of  the  towns  themselves — and  we 
accordingly  find,  on  the  whole,  more  sewage  irrigation  and  general 
purification  in  the  humid  East  than  in  the  subhumid  and  arid  West. 
The  Western  towns  are,  nevertheless,  advancing  rapidly,  and  we  may 
expect  changes  in  the  figures  in  the  near  future. 

The  following  paragraph  gives  the  approximate  statistics  of  sewage 
purification  in  the  lJnit<ed  States  to-day: 

In  the  humid  region  there  are  sewage-purification  plants  in  operation, 
actually  building,  projected,  or  built  and  abandoned,  distributed  by 
States  as  follows:  Maine,  1;  New  Hampshire,  2;  Massachusetts,  32; 
Bhode  Island,  6 ;  Oonnecticut,  7 ;  New  York,  33 ;  New  Jersey,  11 ;  Penn- 
sylvania, 5;  Maryland,  1;  West  Virginia,  L;  Louisiana,  1;  Texas,  3; 
Ohio,  11;  Michigan,  2;  Illinois,  2;  Wisconsin,  2;^  Minnesota,  1;  a  total 
of  120  for  the  humid  region.  In  the  subhumid  there  is  1  in  Nebraska. 
In  the  arid  region  Arizona  has  1;  Colorado,  4;  Oalifomia,  8;  Montana, 
1;  Utah,  1;  Wyoming,  1,  or  a  total  of  16.  There  are  also  six  plants  in 
the  humid  portion  of  the  Dominion  of  Canada.' 

The  foregoing  figures  indicate  a  total  for  the  United  States  and 
Canada  of  143.  About  120  of  these  plants  have  been  either  built  or 
projected  in  the  last  ten  or  twelve  years.  This  total  includes,  so  &r  as 
can  be  learned,  all  the  purification  plants  of  every  kind^  whether 
irrigation^  intermittent  filtration,  or  combined  chemical-purification 
and  filtration  and  irrigation  plants,  either  actually  in  operation  now  or 
formally  projected  and  in  such  a  state  of  advancement  as  probably  to 
be  carried  out  in  a  few  years. 

The  intermittent- filtration  plants  are  properly  included  in  a  paper  on 
sewage  irrigation,  because  the  filtration  areas  either  now  are  used  for 
raising  crops  or  are  likely  in  the  end  to  be  so  used.  As  to  the  propriety 
of  including  the  chemical-purification  plants,  it  may  be  pointed  out  that 
this  system  of  purification  has  been  adopted  in  several  towns  before  all 
the  controlling  conditions  were  taken  into  account.    In  one  case  an 


>  Aside  fhMQ  three  pUo  to  for  pnrUyins  mMinfactnring  wastes,  etc,  there  are  only  two  sewage-disposal 
works  in  Wisoonsin. 

*The  foregoing  statistios  of  the  distribution  of  sewage-disposal  works  were  prepared  tn  Ssptsmber, 
1887.    At  the  present  date  (Febnuuy,  18B9)  there  sre  a  few  additions. 
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eastern  town  has  adopted  chemical  pnrification  and  operated  the  plant 
at  large  expense,  in  spite  of  the  existence  of  ideal  conditions  for  irriga- 
tion and  filtration  in  the  immediate  vicinity.  It  is  probable,  therefore, 
that,  as  soon  as  the  advantages  of  irrigation  and  filtration  are  more 
fally  known,  a  number  of  the  chemical-purification  plants  will  be 
changed  to  either  irrigation  or  filtration,  or,  without  a  complete  change 
of  plant,  the  effluents  from  chemical-purification  works  will  be  further 
treated  by  either  irrigation  or  filtration.  This  proposition  is  especially 
true  of  a  number  of  chemical  plants  in  the  State  of  New  York,  where 
the  capitalized  cost  of  chemical  treatment  will  be  considerably  in  excess 
of  that  of  intermittent  filtration,  even  though  sand  of  the  proper  quality 
were  transported  some  distance  and  high-grade  filtration  areas  con- 
structed. It  is  in  this  view  of  the  case  that  the  statistics  of  chemical- 
purification  plants  are  herein  included.  There  are  also  a  number  of 
cities  and  tillages  in  the  Eastern  part  of  the  United  States  where  crude 
sewage  is  discharged  into  ponds,  lakes,  and  running  streams,  which 
either  now  are  or  are  likely  in  the  future  to  be  the  source  of  public 
water  supplies.  In  the  end  the  sewage  of  all  such  will  require  purifi- 
cation. In  many  cases  proper  land  areas  can  be  had  in  the  immediate 
vicinity;  hence  we  find  an  additional  reason  why  a  complete  exhibit  of 
the  whole  subject  should  be  made  at  this  time.  All  town  authorities 
need  to  understand  that,  with  other  conditions  equal,  the  capitalized 
cost  of  the  land-purification  processes  is  ordinarily  less  than  that  of 
the  chemical.  Farmers  in  the  vicinities  of  towns  need  also  to  under- 
stand this,  as  well  as  the  benefits  to  themselves  to  be  derived  from  the 
utilization  of  sewage  iu  agriculture. 

OBIGIK  OF  SEWAGE  IBRIGATION. 

The  growth  in  England  of  great  manufacturing  industries  and  the 
consequent  pollution  of  the  streams  of  that  country  at  the  beginning  of 
the  present  century  forced  the  English  cities  to  consider  the  necessity 
for  sewage  purification  at  an  earlier  date  than  elsewhere.  Sewage  irri- 
gation as  a  branch  of  applied  science  may  therefore  be  said  to  have 
originated  in  England.  At  the  present  time  a  more  general  use  of  sewage 
pnrification  may  be  found  in  that  country  than  elsewhere,  although,  as 
we  have  seen  in  Water- Supply  and  Irrigation  Paper  No.  3,  the  Ger- 
mans and  the  French  have  now  extensive  sewage-purification  plants  of 
a  high  order  of  excellence.  Nevertheless  it  is  true  that  a  large  pro- 
portion of  the  data  of  sewage  disposal,  as  it  exists  to-day,  must  neces- 
sarily be  drawn  from  English  practice. 

COMPABISON  OF  BKGIilSH  AND  AMERICAN  SEWAGE. 

First  of  all,  it  is  necessary  that  we  establish  in  some  way  a  measure 
of  the  relation  which  average  English  sewage  bears  to  American.  The 
great  difficulty  in  making  comparisons  is  the  fact  that  the  English 
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chemists,  following  the  lead  of  Dr.  Frankland,  have  mostly  used  the 
combnBtion  process  in  their  sewage  analyses,  while  in  the  United  States 
the  Wanklyn  albuminoid-ammonia  process  has  been  almost  exclosiYely 
used. 

By  way  of  explaining  the  terms  used,  it  may  be  pointed  out  that  free 
ammonia  as  determined  by  the  Wanklyn  process  represents  that  por- 
tion of  the  nitrogenous  matter  present  which  has  already,  at  the  time 
of  analysis,  passed  into  a  state  of  decay;  whereas  the  albuminoid 
ammonia  represents  the  nitrogenous  matter  which  has  not,  at  the  time 
of  analysis,  undergone  decay.  These  are  the  two  main  determinations 
of  the  Wanklyn  process. 

In  the  combustion  process  Dr.  Frankland  attained  much  greater 
refinement  than  is  possible  with  the  albuminoid-ammonia  process  of 
Wanklyn,  and  the  only  reason  why  the  combustion  process  has  not 
been  universally  adopted  is  because  of  the  diflSculty  of  working  it.  By 
its  use  we  determine  not  only  the  different  states  of  the  nitrogen,  bat 
that  portion  of  the  organic  matter  present  which  is  carbonaceous  in  its 
character,  or,  technically,  the  organic  carbon.  The  organic  nitrogen  of 
the  process  is  that  portion  of  the  nitrogenous  matter  due  to  living  sab- 
stances,  and  corresponds  in  a  general  way  with  the  albuminoid 
ammonia  of  Wanklyn.  The  ammonia  represents  dead  and  usually 
animal  matter,  and  is,  in  the  opinion  of  Dr.  Frankland,  the  chief  index 
of  recent  sewage  contamination. 

There  are  four  states  of  the  nitrogen  as  found  in  contaminated 
water — ammonia,  free  ammonia,  nitrite,  and  nitrate.  The  nitrates  rep- 
resent the  final  fixation  of  the  ammonia  by  combination  with  a  mineral 
base,  and  hence  a  state  of  innocuousness.  By  a  comparison  of  these 
various  states  Dr.  Frankland  arrives  at  the  previous  sewage  contam- 
ination, which  is  one  of  the  most  interesting  determinations  of  his 
system.* 

If  we  refer  to  the  various  reports  of  the  Rivers  Pollution  Commission, 
the  Boyal  Commission  on  Metropolitan  Sewage  Discharge,  or  the  Boyal 
Commission  on  Metropolitan  Water  Supply,  or  to  the  various  reports 
of  the  English  local  government  boards,  we  find  the  analyses  usually 
given  in  terms  of  the  combustion  process,  in  which  organic  carbon, 
organic  nitrogen,  ammonia,  and  total  combined  nitrogen  may  be  con- 
sidered the  chief  controlling  constituents.  Eeferring  to  a  t<able  in  the 
first  report  of  the  Rivers  Pollution  Commission,  on  pages  28  and  29, 
we  find  that  in  English  water-closet  towns  the  total  solids  in  solution 
in  the  sewage  amount,  on  an  average,  to  72.2  parts  per  100,000;  the 
organic  carbon  to  4.696  parts  per  100,000;  the  organic  nitrogen  to 
2.205  parts  per  100,000;  the  ammonia  to  6.703  parts  i)er  100,000;  the 
total  combined  nitrogen  to  7.728  parts  per  100,000;  and  the  chlorine 

to  10.66  parts  per  100,000.    Of  the  suspended  matters  the  minerals 

. «». 

1  For  ft  definition  of  these  several  elements  of  the  combustion  process  in  detail  the  reader  is 
referred  to  Recent  advances  in  water  analyses,  etc.,  by  the  author,  in  American  Monthly  Mieroaoo^* 
cal  Journal,  May,  1893,  p.  127. 
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amoimted  to  24.18  parts  per  100,000,  and  the  organic  to  20.50  parts  per 
100,000,  giving  a  total  of  44.69  parts.  If  we  bear  in  mind  that  free 
ammonia,  albuminoid  ammonia,  and  organic  nitrogen  refer  to  the  same 
things,  and  also  that  the  organic  nitrogen  is  usually  about  double  the 
albuminoid,  we  may  still  make  comparisons  which  are  close  enough 
for  the  ordinary  purposes  of  agriculturists. 

Comparing  several  series  of  analyses,  both  American  and  English,  it 
becomes  apparent  that  ordinary  town  sewage  in  England  is  usually 
considerably  more  concentrated  than  that  of  the  American  towns.  It 
is  very  important  to  bear  this  in  mind  in  applying  English  data  to 
American  conditions.  The  elaborate  expeiiments  conducted  by  the 
Massachusetts  State  board  of  health  at  Lawrence,  which  have  been 
reported  from  year  to  year  in  the  annual  reports  of  that  board  from 
1888  to  the  present  time,  indicate  that  there  is  a  relation  between  the 
purifying  capacity  of  different  filtrating  materials  and  the  amount  of 
impurity  which  can  be  removed  from  sewage  of  a  given  strength.  This 
point  is  strongly  brought  out  by  the  experiments.  It  follows,  then, 
that  if  we  prepare  special  areas  for  sewage  purification  in  accordance 
with  the  indications  of  the  Massachusetts  experiments,  we  may  expect 
to  apply  sowewhat  larger  ^volumes  of  average  American  dilute  town 
sewage  per  unit  of  area  than  has  usually  been  found  expedient  in 
English  practice.  If,  therefore,  we  use  English  data  without  reference 
to  the  quality  of  the  soil  to  which  the  sewage  is  to  be  applied,  or  of  the 
sewage  itself,  we  shall  be  likely  to  arrive  at  more  or  less  erroneous 
conclusions. 

As  a  summation  of  this  part  of  our  discussion,  we  may  say  that  the 
chief  object  of  sewage  purification  is  to  rid  the  sewage  of  a  thousandth 
part,  more  or  less,  of  the  organic  matter  which  it  contains,  and  that  all 
of  the  appliances  for  sewage  purification  and  utilization  may  be  con- 
sidered as  directed  toward  this  one  point. 

POIiliUTION  OF  RIVERS. 

This  division  of  the  general  subject  has  been  discussed  in  Water- 
Supply  and  Irrigation  Paper  Ko.  3  under  the  general  head  of  ^'  Stream 
pollution."  The  following  additional  information  is  herewith  presented 
by  way  of  extending  somewhat  the  discussion  there  given :  ^ 

As  an  exceedingly  marked  case  of  river  pollution,  we  may  refer  to 
the  report  of  the  Passaic  Valley  Sewerage  Commission,  authorized  by 
an  act  of  the  New  Jersey  legislature  approved  February  26, 1896.  The 
report  of  the  commission  appointed  under  the  terms  of  this  act  was 
issued  in  February,  1897,  and  therefore  may  be  cited  as  one  of  the  most 
recent  extended  studies  on  stream  pollution  to  be  had. 

>  For  a  more  extended  dlscassion  of  riyer-poUution  qnestions  the  reader  is  referred  to  River  poUntion 
ill  tbe United  States,  by  Charles  C.  Brown,  a  paper  read  before  the  Engineers'  Club  of  St.  Louis, 
June  18, 1890,  and  pnblished  in  the  Joomal  of  the  Association  of  Engineering  Societies  for  October,  1800, 
Vol.  X,  No.  10,  p.  475,  and  to  Sewage  Disposal  in  the  United  States,  Chapter  IH.  The  two  works  give, 
with  tbe  present  dlscassion,  the  bulk  of  the  published  information  as  to  river  i>ollation  in  the  United 
States. 
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At  its  head  waters,  among  the  hills  of  Somerset  Couniy,  Kew  Jersey, 
the  Passaic  Eiver  is  a  pare,  clear  rnnning  stream.  The  same  is  trae  of 
its  principal  upper  tributaries,  the  Bockaway  and  Pompton  rivers;  and 
while  there  is  some  manufacturing  in  the  upper  valleys,  the  river  con- 
tinues bright  and  inviting  until  it  reaches  Little  Falls,  at  which  place  it 
receives  the  drainage  from  several  residences  and  factories.  After  pass- 
ing Paterson,  3  or  4  miles  below  Little  Falls,  its  character  completely 
changes,  and  irom  that  point  to  Newark  Bay,  as  stated  by  the  Passaic 
commission,  <^  its  x>ollution  is  enormous,  constant,  and  increasing  yearly." 
About  436,000  persons  now  inhabit  the  district  drained  by  the  lower 
river,  furnishing  fully  70,000,000  gallons  of  sewage  a  day.  So  great  is 
the  extent  of  the  pollution  below  Paterson  that  fish  life,  except  a  few 
hardy  kinds,  has  entirely  disappeared.  The  sewage-laden  mud  shores 
give  out  foul  odors.  Steam  users  report  that  the  acids  of  the  sewage- 
laden  water  have  so  affected  their  boilers  as  to  make  its  use  unadvisa- . 
ble.  Formerly  thousands  frequented  the  river  for  pleasure  purposes, 
but  this  is  no  longer  a  practice.' 

In  1880  the  x)opulation  of  the  towns  dischaging  sewage  into  the  lower 
Passaic  River  was  246,503,  and  in  1895  it  was  436,423. 

The  ratio  of  increase  in  population  of  the  lower  Passaic  district 
from  1880  to  1890  is  placed  at  43.2  per  cent,  and  from  1890  to  1895  at 
22.6  per  cent.  The  river  now  receives  the  sewage  of  the  cities  of  Pat- 
erson, Passaic,  Orange,  and  Kewark,  and  the  towns  of  East  Orange, 
Bloomfield,  Moutclair,  Harrison,  Kearny,  East  Newark,  and  part  of 
Butherford.  All  these  places  are  growing  rapidly,  and  sewerage  facil- 
ities for  a  number  of  other  places  are  an  admitted  necessity  of  the  early 
fature.  The  commission  therefore  considers  it  beyond  question  that 
the  pollution  of  the  lower  Passaic  is  sure  to  increase  enormously  unless 
remedial  measures  be  taken. 

As  a  summation  the  commissioners  state: 

(1)  That  the  daily  discharge  of  70,000,000  gallons  of  sewage  into  the 
Passaic  Biver  below  the  Great  Falls  of  Paterson  is  beyond  its  power 
to  assimilate. 

(2)  That  through  the  stench  the  pollution  has  become  a  nuisance  to 
residents  along  the  banks,  and  has  caused  depreciation  of  property  and 
injury  to  health. 

(3)  That  fisheries  have  been  destroyed. 

(4)  That  the  river  has  ceased  to  be  desirable  for  pleasure  purposes, 
boating,  bathing,  etc.,  no  longer  possessing  the  park  value  which  so 
generous  a  stream  should  afford  the  large  population  on  its  banks. 

(5)  That  the  use  of  the  river  for  manufacturing  purposes  is  suffering 
on  account  of  the  x)ollution. 

(6)  In  short,  that  the  pollution  of  the  lower  Passaic  Biver  appears  to 
the  commissioners  to  be  completely  established  as  a  public  nuisance,  as 
injurious  to  health,  and  as  an  increasing  menace  to  property  interests 
from  the  Great  Falls  at  Paterson  to  below  Newark. 


^Abatraot  ttom  report  of  Pasaaio  Valley  sewerage  commiasion,  pp.  10-lL 
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In  discussing  means  of  relief  the  commissiODers  state  that  the  great 
progress  in  sanitary  science  of  recent  years  has  increased  the  demand 
for  thorough  methods  of  sewage  disposal;  hence  it  has  been  recognized 
in  European  countries,  and  throughout  the  thickly  settled  part  of  the 
United  States,  that  methods  of  sewage  disposal  need  a  degree  of  care 
and  thoroughness  second  only  to  the  requirements  of  furnishing  the 
same  i)opulation  with  water  and  food.  After  reviewing  the  various 
methods  of  sewage  purification  the  commissioners  conclude  that  in  the 
present  case  the  conducting  of  the  sewage  to  tidal  waters  is,  on  the 
whole,  preferable.  Their  reason  for  this  conclusion  is,  largely,  that  the 
available  land  areas  in  the  Passaic  Valley  appear  poorly  adapted  for 
irrigation  and  filtration  processes.  On  this  point  the  engineers  to  the 
commission,  Messrs.  A.  Eteley  and  Charles  E.  A.  Jacobson,  state  that 
the  only  lands  within  reach  of  sufficient  area  for  irrigation  works  are 
the  extensive  meadows  of  the  lower  Passaic  Valley,  but  unfortunately 
the  character  of  the  soil  is  so  compact  that,  even  with  extensive  and 
costly  underdrainage,  the  amount  of  sewage  which  could  be  disposed 
of  x>er  unit  of  area  would  be  so  small  as  to  require  many  thousands  of 
acres  ^  hence,  Messrs.  Fteley  and  Jacobson  consider  laud  disposal 
impracticable  for  the  lower  Passaic.  They  recommend  the  construction 
of  an  intercepting  sewer  at  an  estimated  present  cost  of  96,500,000. 
The  yearly  cost  of  operation  is  placed  at  $125,000  in  1900  and  $300,000 
in  1930. 

An  extended  series  of  chemical  analyses  made  by  Herbert  B.  Bald- 
win, chemist  to  the  commission,  is  included  in  the  report.  In  consider- 
ing the  effect  of  the  sewage  on  the  condition  of  the  river,  it  is  pointed 
out  by  Mr.  Baldwin  that  the  average  discharge  of  sewage  is  a  fairly 
constant  quantity,  but  that  the  flow  of  the  river  is  not.  By  way  of 
illustrating  this,  we  may  point  out  that  the  flow  of  the  Passaic  Eiver 
varies  at  Little  Falls  from  a  minimum  of  about  200  cubic  feet  to  a  max- 
imum of  about  20,000  cubic  feet  per  second.  The  drainage  area  above 
Little  Falls  is  773  square  miles.  Whenever  the  river  is  either  at  or 
anywhere  near  its  minimum  flow,  what  may  be  termed  the  point  of 
saturation  is  so  far  exceeded  that  the  river  inevitably  becomes  not  only 
a  nuisance,  but  a  menace  to  health.  On  the  one  hand,  the  clearing  of 
forests  tends  to  decrease  still  further  the  minimum  flow  and  to  increase 
the  length  of  the  low- water  period  from  year  to  year;  on  the  other 
hand,  the  growth  of  towns  and  the  extension  of  sewerage  works  tend  to 
increase  the  pollution.  Taking  the  two  together,  there  is,  therefore,  a 
more  rapid  increase  in  actual  stream  pollution  than  is  indicated  by  mere 
consideration  of  the  percentages  of  increase  of  the  quantity  of  sewage. 
Moreover,  the  upper  Passaic  is  the  natural  source  of  water  supply 
for  the  north  Jersey  municipalities,  and  the  probable  taking  of  an 
appreciable  part  of  the  stream  for  such  supplies  will  inevitably  tend  to 
aggravate  existing  conditions. 

Ohapter  83  of  the  Eesolves  of  the  Massachusetts  Legislature  of  1896 
directed  the  Stale  board  of  health  to  investigate  the  sanitary  condi- 
IBS  22 2 
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tion  of  the  meadows  on  Keponset  Biver,  and  submit  the  results  of  the 
examination,  together  with  recommendations  for  the  improvement  of 
the  sanitary  condition  of  the  meadows  and  the  removal  of  the  nuisanoe 
therefrom.  The  report  of  the  board's  engineers  was  made  under  date 
of  October  1, 1896. 

The  Keponset  Meadows,  covering  an  area  of  3,662  acres,  of  which 
little  more  than  600  acres  appear  to  be  in  a  condition  adapted  to  agri- 
culture, are  subject  to  prolonged  flooding  nearly  every  year,  and,  with 
an  increasing  pollution  of  the  stream,  have  become  a  serious  public 
nuisance.  The  object  of  the  report  of  the  Massachusetts  State  board 
of  health  referred  to  is  the  abatement  of  this  nuisance. 

The  Neponset  Biver  is  connected  with  the  Oharles  Biver  by  Mother 
Brook,  which  is  legally  entitled  to  receive  one-third  of  the  flow  of 
Charles  Biver.  The  drainage  area  of  the  l^epdnset  Biver  at  its  mouth, 
including  one- third  of  the  watershed  of  the  Charles  Biver  above  Mother 
Brook,  is  given  as  180.3  square  miles.  The  population  of  the  several 
towns  in  the  l^eponset  Basin  above  the  lower  end  of  the  meadows  was, 
in  1885, 15,097;  in  1890, 17,361,  and  in  1895, 19,193.  These  towns  are 
provided  with  public  water  supplies,  but  none  of  them  have  as  yet  a 
general  system  of  sewerage. 

The  Keponset  Biver  may  be  divided  into  three  portions:  An  upper 
portion,  above  the  great  meadows;  a  middle  portion,  including  the 
meadows  subject  to  overflow;  and  a  lower  portion,  within  the  limits  of 
the  Boston  metropolitan  district. 

The  upper  portion  is  about  10  miles  in  length,  with  a  total  fall  of 
about  220  feet.  Manufactories  and  mills  are  located  throughout  the 
valley,  and  the  river  is  highly  polluted  by  manufacturing  wastes.  The 
length  of  the  middle  portion  is  11.25  miles.  In  much  of  this  portion  the 
river  has  very  little  fall  and  the  flowing  water  is  partially  purified  by 
dilution  with  water  from  purer  tributaries  and  by  sedimentation.  The 
lower  portion  has  considerable  fall  to  tide  water,  and  has  high  banks 
occupied  by  factories  and  dwelling  houses.  Practically  all  the  water 
power  of  this  section  is  made  available  by  milldams.  The  minimum 
flow  of  the  stream,  as  determined  by  the  lowest  level,  reached  in  1895^ 
is  about  54  cubic  feet  per  second. 

Chemical  analyses  of  the  water  of  the  J^eponset  Biver  were  made  by 
the  Massachusetts  State  board  of  health  in  1873, 1875, 1885, 1891,  and 
1895.  A  tabulation  of  the  results  shows  a  much  more  serious  pollution 
in  1895  than  in  1875.  Thus,  in  1875,  at  the  Milton  lower  mills,  free 
ammonia  was  0.0112  part  per  100,000;  in  1891  it  was  0.0274  part;  and  in 
1895,  0.0526  part.  In  1875  the  albuminoid  ammonia  at  Milton  lower 
mills  was  0.0171  part  per  100,000;  in  1891,  0.0329  part;  and  in  1895, 
0.0342  part.  Chlorine  at  Milton  lower  mills  in  1875  was  0.46  part;  in 
1891, 1.18  parts,  and  in  1895, 1.47  parts. 

The  report  states  that,  in  order  to  improve  the  sanitary  condition  of 
the  river  and  meadows,  it  will  be  necessary  to  prevent  the  further  dis- 
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charge  into  the  stream  of  domestic  and  manufacturing  sewage,  unless 
it  has  been  previously  purified  sufficiently  to  prevent  offense  to  sight 
or  smell.  A  system  of  sewerage  was  provided  for  by  chapter  406  of 
the  Massachusetts  acts  of  1895,  by  means  of  which  it  will  be  possible 
in  future  to  prevent  the  pollution  of  the  river  below  the  great  meadows, 
after  some  provision  is  made  whereby  the  diversion  of  sewage  from'  the 
river  into  the  sewers  is  made  compulsory  and  the  further  discharge  of 
manufacturing  wastes  is  prevented. 

The  town  of  Hyde  Park  is  located  on  the  Neponset  Eiver,  just  below 
its  junction  with  Mother  Brook.  The  i)ollution  in  the  region  above  at 
the  present  time  is  caused  almost  entirely  by  the  discharge  into  the 
river  of  manufacturing  wastes,  generally  from  paper  mills  and  tanneries. 
Investigations  with  reference  to  the  purification  of  wastes  of  this  sort 
were  begun  by  the  Massachusetts  State  board  of  health  in  the  summer 
of  1895,  and  a  r^sum^  of  the  results  will  be  found  in  the  following 
pages.  The  published  results  indicate  that  it  will  be  feasible  to  purify 
the  manufacturing  wastes  satisfactorily  at  a  cost  sufficiently  small  to 
avoid  crippling  the  manufacturing  industries.  A  study  of  the  ques- 
tion of  the  purification  of  the  sewage  of  a  number  of  towns  naturally 
draining  into  the  Neponset  Eiver  in  the  upper  valley  shows  that  the 
necessary  purification  can  be  best  accomplished  by  separate  treatment 
upon  land,  as  is  done  in  many  other  towns  in  Massachusetts. 

The  removal  from  the  river  of  the  crude  sewage  of  the  manufactur- 
ing establishments,  as  well  as  that  of  the  towns  in  the  valley,  will  tend 
to  improve  the  sanitary  condition  of  the  channel  of  the  stream  by  pre- 
venting further  deposition  of  organic  matter  upon  the  sides  and  bottom 
and  in  the  numerous  shallow  bays  and  coves. 

The  rex)ort  further  states  that,  in  order  to  improve  the  sanitary  con- 
dition of  the  meadows,  it  will  be  necessary  to  lower  the  level  of  the 
water  in  the  river  sufficiently  to  x>ermit  the  satisfactory  drainage  of  the 
meadows  and  to  prevent  being  flooded  during  the  summer  season.  To 
accomplish  this  it  is  considered  that  the  river  should  be  deepened  suf- 
ficiently to  carry  off  the  summer  flows  and  still  keep  the  water  surface 
below  the  level  of  the  meadows.  Applying  the  run-off  data  of  the 
Sudbury  Eiver  watershed,  for  which  a  record  covering  twenty-one 
years  is  available,  it  appears  that  the  river  channel  should  be  enlarged 
enough  to  enable  it  to  carry  at  least  720  cubic  feet  per  second,  which 
would  be  sufficient  for  anything  except  a  summer  rainfall  in  excess  of 
that  of  August,  1889,  when  the  run-off  of  the  Sudbury  Eiver  for  the 
month  amounted  to  2.55  inches  on  the  watershed,  the  rainfall  of  the  pre- 
vious month  of  July  being  8.94  inches  and  of  the  previous  August  4.18 
inches.  The  run  offof  August,  1889,  of  2.55  inches,  was  the  largest  for 
any  summer  month  during  the  period  1875  to  1896,  covered  by  the  Sud- 
bury measurements.  In  1882  the  August  run-off  of  the  Sudbury  was 
only  0.10  inch.  In  1883  the  September  run-off  was  0.08  inch.  In  1883 
the  total  run  off  of  the  Sudbury  for  the  summer  months,  June  to 
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August,  inclusive,  waiS  only  0.86  inch.  In  1889  the  total  run-off  of  the 
summer  months  was  4.81  inches.  According  to  the  report  of  the  engi- 
neer, an  examination  of  the  rainfall  records  of  eastern  Massachusetts 
for  the  period  of  thirteen  years  indicates  that  summer  flows  as  heavy 
as  in  August,  1889,  may  be  expected  about  once  in  ten  to  fourteen 
years;  while  for  about  two  or  three  times  in  a  century  it  may  happen 
that  the  flow  for  some  one  of  the  summer  months  will  be  considerably 
in  excess  of  that  for  August,  1889. 

The  plan  for  draining  the  Kex)onset  Meadows  includes,  in  effect,  the 
cutting  of  a  new  channel  across  a  number  of  sharp  bends,  thus  consid- 
erably shortening  the  length  and  increasing  the  slope.  It  also  includes 
removing  the  flashboards  of  the  dam  of  the  Mattapan  Paper  MUl, 
which  is  situated  on  the  river  about  half  a  mile  up  the  stream  from  the 
north  line  of  the  town  of  Hyde  Park.  The  estimated  cost  of  the  river 
improvement,  not  including  cost  of  land  and  water  damages,  is  $127,115. 
It  is  also  estimated  that  the  increase  in  valuation  of  the  3,655  acres  of 
meadow  resulting  from  this  improvement  would  amount  to  $101,330. 

In  concluding  his  report,  Mr.  Goodenough,  the  engineer  of  the  State 
board  of  health,  states  that  the  gain  in  valuation  of  the  meadows, 
produced  by  draining  them,  probably  does  not  represent  the  full  eco- 
nomic value  of  the  improvement.  By  leaving  the  river  and  meadows 
in  their  present  condition  they  become  not  only  a  source  of  annoyance, 
but  a  menace  to  the  health  of  those  living  in  the  vicinity,  and  ultimately 
unfavorably  affect  the  value  of  all  real  estate  in  the  vicinity.  Moreover, 
if  a  portion  of  the  improved  meadows  should  be  utilized  for  market 
gardening,  the  value  of  such  portion  would  be  much  greater  than  if  used 
for  hay  and  pasturage  alone. 

In  order  to  show  the  great  pollution  to  which  streams  in  manufEMstur- 
ing  districts  are  subject  from  the  discharge  of  manufacturing  wastes, 
we  may  further  refer  to  the  report  on  river  pollution  in  Oonnectiout,  by 
Prof.  S.  W.  Williston,  from  which  extracts  have  been  made  in  Water- 
Supply  and  Irrigation  Paper  No.  3,  flrst  considering  the  case  of  Quinni- 
piac  Eiver.  That  stream  has  a  drainage  area  of  about  150  square  miles, 
with  a  i)opulation  thereon  in  1890  of  fully  40,000.  Meriden,  the  chief 
city  of  the  drainage  area,  had  a  population  in  1880  of  15,540,  and  in 
1890  of  21,662. 

A  measurement  of  the  flow  of  the  Quinnipiac  Biver  made  August  3, 
1888,  gave  about  7  cubic  feet  per  second.  A  measurement  on  Monday, 
August  6,  before  the  mills  started,  gave  5.5  cubic  feet  per  second;  at  10 
a.  m.  the  same  day  the  flow  was  nearly  20  cubic  feet  per  second.  The 
rainfall  is  such  that  in  ordinary  years  we  may  expect  fairly  uniform 
daily  stream  flows  in  the  vicinity  of  Meriden. 

In  1888  there  were  in  Meriden  23  manufacturing  establishments,  with 
5,708  employees,  of  whom  3,608  used  water-closets. 

In  a  year  these  manufactories  produce  the  following  amounts  of  pol- 
luting materials : 
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Polluting  materiaU  used  hy  manufacioriea  in  Meriden,  ConneciUmU 

Mineral  acids poundB..  891,700 

Alkalies do....  198,500 

Mineral  salts do 7,000 

Inorganic  and  organic  oils gallons..     18,445 

Asphaltnm ponnds..       1,000 

Soap do 7,000 

Cotton  waste do 2,000 

The  organic  matter  scoured  from  wool  is  stated  at  over  500  pounds 
daily.  The  total  amount  of  manufacturing  wastes  turned  into  the 
stream  is  estimated  at  from  2^  to  3  tons  daily,  one-fourth  of  which  is 
organic. 

At  Yalesville  and  Wallingford  Professor  Williston  found  6  manu- 
&cturing  establishments,  with  1,060  employees,  of  whom  485  used 
water-closets.  The  polluting  material  used  per  year  by  the  6  establish- 
ments was  reported  as  follows : 

Polluting  matoriaU  used  by  manufactories  in  Yalesville  and  Wallingfordj  Connecticut, 

Pounds. 

Organic  matter  (about) 50,000 

Acids 173,000 

AlkaUes 41,000 

Minerals  and  mineral  oils  (about) 90, 000 

Total 354,000 

The  sewers  of  New  Britain,  Connecticut,  drain  partly  into  a  tributary 
of  the  Quinnipiac  River  and  partly  into  a  tributary  of  the  Connecticut 
River.  The  population  of  New  Britain  in  1880  was  11,800,  and  in  1890, 
16,519.  Professor  Williston's  canvass  showed  12  establishments,  with 
3,075  employees,  using  water-closets  which  drained  into  Pipers  Brook, 
a  tributary  of  the  Connecticut. 

The  following  quantities  of  chemicals  per  year  were  discharged  from 
these  12  establishments : 

Polluting  materials  discharged  from  manufaotoriea  in  New  Britain,  Connecticut. 

Pounds. 

Metal  salts 700,000 

Free  acids 100,000 

Lime  salts 35,000 

Alkali  salts 100,000 

Soap 25,000 

Fatty  matter 100,000 

Vegetable  refuse 20,000 

Total 1,080,000 

Waterbury,  the  chief  city  on  the  Naugatuck  River,  in  Connecticut, 
had,  in  1880,  a  i)opulation  of  17,806,  and  in  1890  a  population  of 
28,646. 

In  1887,  26  manufacturing  establishments  employed  7,571  persons, 
of  whom  7,140  used  water-closets. 
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The  annual  pollution  from  manufacturing  wastes  at  Waterbury  was 
placed  as  foUows : 

Polluting  materiaU  diaoharged  from  manufactories  in  Waterbury,  Connecticut, 

Pounds. 

FreeacldB 600,000 

Metal  saltB 2,500,000 

Alkaline  salts 75,000 

Soap 50,000 

Fatty  matters 200,000 

Total 3, 325,000 

A  large  amount  of  interesting  recent  information  in  regard  to  river 
pollution  in  the  United  States  is  now  available,  but  lack  of  space  pre- 
cludes further  reference  to  it  in  this  place.^  The  examples  given  will 
serve  to  illustrate  the  immense  amount  of  polluting  wastes  that  are 
daily  being  thrown  into  the  rivers. 

SEWAGE     PUKIFICATION    AT     MANTrFACTURIN-G     ESTAB- 

lilSHMENTS. 

In  England  the  pollution  of  streams  from  manufacturing  wastes 
became  very  serious  many  years  ago,  and  as  the  result  of  careful 
consideration  of  this  special  phase  of  stream  pollution  a  number  of 
sewage-disposal  plants  have  been  devised,  especially  with  reference  to 
purifying  the  sewage  of  each  manufacturing  establishment  at  the  mill. 
A  large  amount  of  information  in  regard  to  such  plants,  with  detailed 
plans,  may  be  found  in  the  fourth  report  of  the  Bivers  Pollution  Com- 
mission. As  American  examples,  a  number  of  cases  cited  by  Mr. 
Clark  in  his  report  to  the  Massachusetts  drainage  commission,  together 
with  several  recent  ones,  may  be  mentioned. 

(1)  The  Wansuch  Mills  at  Providence,  Bhode  Island,  manufacture 
woolen  and  worsted  goods  extensively.  The  yearly  amount  of  refuse 
contained  in  the  waste  water  from  this  mill  is  stated  to  include  about 
64,000  pounds  of  dyestuffs,  1,000,000  pounds  of  alkali,  4,000  pounds  of 
acid,  53,000  pounds  of  fuller's  earth,  and  400,000  pounds  of  grease.  The 
waste  water  which  contains  this  polluting  material,  and  which  origi- 
nally flowed  directly  into  West  Biver,  is  stated  as  about  400,000  gallons 
a  day.  A  dyeing  and  bleaching  company  located  on  the  stream  below 
the  Wansuch  Mills  brought  suit,  alleging  serious  injury  to  its  oper- 
ations. After  protracted  litigation  the  supreme  court  granted  a  per- 
manent injunction.  In  compliance  with  the  injunction  attempts  were 
made  to  purify  the  waste  water  before  permitting  it  to  enter  the  river. 
For  this  purx>ose  an  acre  and  a  half  of  land  was  prepared  for  filtration 


*  See  the  annual  reports  of  the  several  State  boards  of  health.  The  annnal  reports  of  the  Provinolal 
Board  of  Health  of  Ontario  may  also  be  referred  to.  As  farther  illastraUng  the  poUation  of  streams 
by  mill  wastes,  reference  may  be  made  to  the  Eighty -third  Annual  Seport  of  the  Philadelphia  Water 
Department  (1885) ,  pAges  308, 809,  where  the  detail  of  the  daily  wastes  from  an  extensive  carpet,  blanket, 
and  cloth  mill  may  be  found.  The  same  data  are  also  given  on  page  64  of  Sewage  Dispoeal  in  the 
United  States.    See  also  the  report  of  the  Second  Rivers  Pollution  CommlBsion. 
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by  making  furrows  4  feet  apart  on  the  surface.  This  process  was  fairly 
successful  when  first  tried,  but  the  land  soon  became  clogged  on  the 
surface.  The  filtration  process  was  then  abandoned,  although  it  seems 
clear  from  present  information  that  with  a  larger  area  it  could  have 
been  made  successful.  Purification  by  chemical  precipitation  was  then 
adopted  and  has,  so  far  as  known,  been  continued  since.  For  this 
purpose  a  set  of  six  connected  basins  was  excavated  on  the  land  pre- 
viously used  for  filtration. 

It  is  stated  that  about  a  barrel  of  lime  is  added  to  each  100,000  gal- 
lons of  waste  before  pumping  to  the  precipitation  basins.  This  addi- 
tion is  made  rudely,  without  either  previously  grinding  or  slacking  the 
lime.  The  mill  wastes  flow  continuously  through  the  basins,  with 
most  of  the  deposition  taking  place  in  the  first  basin.  The  efiluent 
from  the  last  basin  is  said  to  appear  to  the  eye  about  as  foul  as  when 
it  enters;  this  apparently  indicates,  in  view  of  the  satisfactory  results 
gained  elsewhere,  defects  in  the  practical  management  of  the  process. 
In  the  beginning  sulphate  of  alumina  was  used  as  a  precipitant,  at  a 
cost  of  about  $6,000  per  year  for  the  whole  amount  treated,  which,  how- 
ever, was  considered  too  great  an  expense. 

(2)  At  the  Loraine  mills,- Say lesville,  Khode  Island,  a  method  of  wool 
scouring  is  practiced  by  which  the  grease  is  recovered  and  most  of  the 
dirt  is  eliminated  from  the  wash  water  before  it  is  permitted  to  escape. 
The  results  at  this  mill  indicate  the  recovery  of  about  a  ton  of  grease 
from  each  18,000  pounds  of  wool  washed.  The  cost  of  the  plant  for 
accomplishing  this,  not  including  buildings,  was  $2,500.  The  process 
is  considered  remunerative. 

(3)  Two  mills  in  Millbury,  Massachusetts,  each  scouring  about  1,000 
I)ounds  of  wool  per  day  in  the  grease,  retain  the  first  scour  in  vats, 
which  are  cleaned  periodically  and  their  contents  used  as  fertilizer. 
The  process  is  considered  remunerative  at  these  mills. 

(4)  At  the  woolen  mills  of  Robert  Bleakie  &  Co.,  Hyde  Park, 
Massachusetts,  about  3,000  pounds  of  wool  are  scoured  daily,  the 
refuse  from  which,  together  with  sewage  and  dyeing  wastes,  flows  into 
a  settling  basin,  whence  the  effluent  passes  into  the  stream.  The 
settling  basin  consists  of  a  cemented  structure  80  feet  long,  10  feet 
wide,  and  3.5  feet  deep;  it  is  cleaned  at  intervals  and  the  sludge  is  used 
for  fertilizer,  yielding  for  this  purpose  an  estimated  value  of  several 
hundred  dollars  a  year. 

(5)  At  Maxwell's  tannery,  Winchester,  Massachusetts,  a  mechanical 
filter  is  used  for  straining  bark  and  coarse  lime  from  tannery  wastes. 
The  filter  consists  of  a  wooden  box  about  4  feet  wide,  2  feet  deep,  and 
60  feet  long,  divided  into  compartments  filled  with  hay,  through  which 
the  waste  water  filters.  The  effluent  generally  is  clear,  but  of  a  deep 
mahogany  color. 

(6)  The  Nemasket  mills  at  East  Taunton,  Massachusetts,  applied  to 
the  State  board  of  health  in  1891  for  advice  with  reference  to  disposing 
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of  the  sewage  of  the  mill.  The  board  advised  that  the  waste  water 
from  the  sinks  be  kept  entirely  separate  from  other  wastes  and  con- 
ducted to  a  tight  cesspool  with  an  overflow  therefrom  into  a  filtering 
trench  on  the  bank  of  the  river.  Also,  that  privies  be  provided  in 
which  all  excrementaceous  matters,  both  solid  and  liquid,  be  retained 
in  water-tight  vaolts,  to  be  cleaned  from  time  to  time,  and  the  deposits 
buried  in  the  ground  not  less  than  100  feet  from  the  Taunton  Biver. 
The  board  expressed  the  opinion  that  by  carrying  out  this  plan  the 
water  supply  of  the  city  of  Taunton,  which  is  taken  from  Taunton 
Biver  below  the  Nemasket  mills,  would  not  be  contaminated  by  the  mill 
wastes. 

(7)  The  Menominee  Biver  Valley,  in  Wisconsin,  adjacent  to  the  cily 
of  Milwaukee,  has  been  badly  polluted  for  a  number  of  years  by  wastes 
from  large  manufacturing  establishments  as  well  as  from  the  public 
institutions  of  Milwaukee  County.  In  1893  the  Wisconsin  legislature 
instructed  the  State  board  of  health  to  prepare  plans  and  estimates  for 
a  sewerage  system  to  serve  this  district.  It  also  enacted  further  legis- 
lation, requiring  all  sewage  to  be  filtered  or  otherwise  purified  to  the 
satisfaction  of  the  State  board  of  health  before  being  discharged  into 
the  stream.  The  act,  however,  failed  to  provide  funds  for  preparing 
the  plans,  but  most  of  the  manufacturing  establishments  and  public 
institutions  have  voluntarily  introduced  some  method  of  treating  their 
sewage.  A  recent  letter  from  Dr.  U.  O.  B.  Wingate,  secretary  of  the 
Wisconsin  State  board  of  health,  indicates  that  the  results  obtained 
have  been  hardly  satisfactory  on  account  of  adverse  decisions  of  the 
Wisconsin  courts  ^  as  to  the  powers  of  the  State  board,  which  have 
operated  to  prevent  such  supervision  of  sewage  disposal  projects  in 
Wisconsin  as  is  now  common  in  the  more  advanced  States  of  the  East 
and  middle  West. 

The  following  are  some  of  the  particulars  of  the  works  actually  con- 
structed. At  Schmidt's  curled-hair  works  the  solid  matter  of  the  liquid 
wastes  is  first  screened  out  and  the  effluent  then  discharged  upon  porous 
soil,  where  it  disappears.  A  similar  system  is  in  operation  at  McBride's 
sanitarium. 

The  National  Soldiers'  Home,  with  over  2,000  inmates  and  a  daily 
flow  of  sewage  of  about  270,000  gallons,  constructed  an  intermittent 
filtration  system,  the  permanent  success  of  which,  however,  is  said  to 
be  doubtful  because  of  the  character  of  the  soil  of  the  filter  areas. 

At  the  shops  of  the  Chicago  and  Northwestern  Bailway  Company  at 
Merrill  Park  a  furnace  has  been  provided  for  cremating  the  excrements. 

The  public  institutions  of  Milwaukee  County  and  the  Miller  Brewing 
Company  have  constructed  combined  chemical  precipitation  and 
mechanical  filtration  plants.  The  county  institutions  consist  of  a  hos- 
pital, almshouse,  two  insane  asylums,  etc.,  having  in  all  over  1,000 
inmates.    The  fiow  of  sewage  is  placed  at  from  250,000  to  400,000 


1  See  also  Sixteenth  Ann.  Rept^  Wiaconiin  State  board  of  health. 
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gaUoiiB  a  day.  The  sewage  is  first  treated  with  lime  and  sulphate  of 
alamina,  and  is  sabseqaently  filtered.  The  works  are  said  to  receive 
daily  attention  from  a  chemist,  and  thus  far  have  famished  a  clear 
effluent,  free  from  odor,  which  does  not  undergo  a  secondary  decompo- 
sition. However,  according  to  information  in  Engineering  News  of 
January  13, 1895,  it  appears  that  this  plant  is  not  doing  the  work  as 
thoroughly  as  it  should  because  of  overcrowding  and  too  infrequent 
cleaning.  The  plant  was  originally  designed  to  treat  480,000  gallons  of 
sewage  in  twenty-four  hours,  which  would  certainly  be  a  very  large 
quantity  from  1,000  inmates,  even  at  insane  asylums.  If  the  present 
works  actually  have  a  capacity  of  480,000  gallons  in  twenty-four  hours, 
or,  what  is  the  same  thing,  a  capacity  for  treating  480  gallons  per  capita 
per  diem,  they  certainly  ought  to  take  care  of  the  sewage  from  these 
institutions.  The  mechanical  filter  is  said  to  be  composed  of  limestone, 
Florida  moss,  and  iron  manganese.  We  understand  that  the  process  is 
patented,  but  probably  does  not  represent  the  best  practice  in  sewage 
purification  at  the  present  time,  which  may  be  the  real  reason  for  its 
flEuling  to  do  the  work  prox)erly. 

The  Miller  Brewing  Company,  which  produces  perhaps  150,000  gal- 
lons of  sewage  a  day,  has  a  similar  plant,  the  effluent  from  which  is 
stated  to  be  so  unsatisfactory  as  to  undergo  secondary  decomposition. 

In  a  letter  to  Engineering  Kews  dated  January  21, 1895,  Dr.  Win- 
gate,  the  secretary  of  the  Wisconsin  State  board  of  health,  states  that 
two  of  the  plants  which  have  been  built  in  the  Menominee  Valley  are 
satisfactory  in  their  construction,  but  their  management  is  unsatisfac- 
tory. He  also  states  that  the  managers  of  the  dififerent  institutions 
and  manufacturing  establishments  have  apparently  the  idea  that  con- 
structing a  plant  is  all  that  is  necessary,  that  they  have  not  furnished 
the  necessary  agents  and  help  to  keep  the  plants  in  proper  condition, 
and  that  they  have  not  managed  them  properly.^ 

Experience  abroad  has  fully  shown  that  purification  works  require 
attention ;  indeed,  our  own  exx)erience  on  this  point  is  now  so  full,  that 
it  seems  unnecessary  for  Americans  to  experiment  further  in  that 
direction. 

(8)  In  Ohio  stream  pollution  from  manufacturing  wastes  has  assumed 
some  importance,  and  the  State  board  of  health  of  that  State  has 
investigated  a  number  of  cases  of  such  pollution,  one  of  which  may  be 
referred  to  here.  The  Scioto  Straw-Board  Company,  of  Kenton,  Ohio, 
discharges  the  wastes  from  its  mill  into  the  Scioto  Eiver.  Complaints 
having  been  made  to  the  State  board  of  health  that  such  discharge 
caused  a  public  nuisance,  an  investigation  was  made  in  the  summer,  of 
1886.  The  following  analyses  of  water  from  the  Scioto  Eiver  at  Kenton 
indicate  the  extent  of  the  pollution.    In  considering  the  significance  of 


«In  a  letter  to  the  author,  dated  August  6, 1897,  Dr.  Wingate  atates  that  a  drainage  commlselon  has 
been  appointed  to  report  to  the  next  legislature,  which  will  oonsider  the  whole  qnostion  of  Menominee 
Valley  sewage  disposal. 
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these  analyses  it  should  be  understood  that  the  Scioto  Biver  at  Kenton 
is  little  more  than  a  respectable  brook.  The  average  fall  does  not 
exceed  1  foot  per  mile  for  30  miles.  Analysis  No.  1  is  water  from  the 
Scioto  Eiver  above  the  mill;  No.  2,  water  from  below  the  mill,  and  No. 
3,  from  La  Eue,  a  few  miles  below. 

Analyses  of  water  from  Scioto  River  near  Kenton. 

[QraiDS  per  gallon.] 


]N  umber. 

Lime. 

Chlorine. 

Mineral. 

Organic  and 
volatile. 

TotalaoUdB. 

1 

8.98 
63.32 
13.33 

0.25 
6.49 
1.45 

20.30 
84.09 
31.26 

9.68 

130.63 

18.19 

29.98 

2 

214.72 

8 

49.45 

So  far  as  can  be  learned,  the  great  increase  in  pollution  of  the  stream 
did  not  affect  the  health  of  people  living  in  the  vicinity,  although  the 
fish  in  the  stream  were  killed  and  there  was  at  time  of  low  water  a 
serious  efQuvium  nuisance.  The  remedy  was  the  construction  of  a 
settling  tank  of  from  3  to  5  acres.  As  to  whether  or  not  this  has  proved 
satisfactory  there  is  no  information  at  hand.^ 

(9)  The  waste  waters  at  Tid's  tannery,  Stoneham,  Massachasetts, 
were  treated  chemically  during  the  years  1894  and  1895.  The  following 
results  were  obtained  in  the  latter  year.  The  total  quantity  of  sewage 
pumped  was  4,990,924  gallons,  to  which  were  applied  as  a  precipitant 
71,760  pounds  of  sulphate  of  alumina.  The  sludge  amounted  to  648,820 
gallons,  or  13  per  cent  of  the  sewage.  It  was  disposed  of  to  neighbor- 
ing farmers,  who  carted  it  away  for  fertilizer.  These  works  were  first 
operated  in  1893,  by  the  city  of  Boston,  in  order  to  protect  the  Upper 
Mystic  Lake. 

(10)  At  Fitzgerald's  tannery,  also  in  Stoneham,  Massachusetts,  a 
series  of  precipitation  tanks  were  constructed  by  the  owner  in  1895, 
arranged  in  such  manner  that  the  heavy  particles  of  waste  matter  will 
settle  as  the  sewage  flows  from  one  tank  to  another  over  separating 
partitions.  In  1895,  however,  the  quantity  of  sewage  having  increased 
to  about  10,000  gallons  daily  in  August,  it  was  found  necessary  to  use 
more  chemical  than  the  lime  naturally  present  in  the  sewage.  The 
owner  thereupon  constructed  a  vat  for  chemicals,  and  the  Boston  water 
department  furnished  and  applied  sulphate  of  alumina  to  the  extent  of 
10,520  pounds  from  August,  1895,  to  January,  1896.  The  effluent  fh>m 
both  these  tanneries  in  Stoneham,  while  still  highly  colored  from  the 
tan  bark,  is  stated  to  be  on  the  whole  fairly  satisfactory.  The  use  of  a 
larger  amount  of  chemicals  would  remove  an  additional  amount  of 
color,  but  at  such  increased  cost  as  is  considered  not  to  be  justified 
by  the  circumstances. 


iThe  Ohio  State  board  of  health  issued  in  1898  a  Preliminary  report  of  an  inyestigatlon  of  rivexa, 
etc.,  of  Ohio,  which  gives  much  information  about  the  waters  of  that  State. 
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MASSACHUSETTS  EXPERIMENTS  ON  THE  PUBIMCATION 

OF  FACrrOBY  WASTES. 

In  the  report  of  the  Massachusetts  State  board  of  health  for  1895  the 
results  of  investigations  as  to  the  disposal  of  waste  liquors  from  various 
industrial  processes  are  given.  Among  others  may  be  found  a  discus- 
sion of  the  results  obtained  in  the  purification  of  the  waste  liquors  from 
paper  making,  wool  scouring,  and  tanning. 

PAPER-MILL  WASTES. 

The  experiments  on  purification  of  paper-mill  wastes  included  the 
application  for  some  time  to  a  filter  containing  60  inches  in  depth  of 
sand  of  the  effective  size  of  0.25  millimeter  of  the  waste  liquor  result- 
ing from  cleansing  rags  in  a  paper  mill  by  means  of  a  boiling  solution 
of  caustic  soda  and  lime.  The  rags  cleaned  are  of  all  kinds  and  colors, 
and  the  resulting  liquor,  as  stated,  is  very  highly  colored.  It  was 
applied  to  the  filter  at  an  average  rate  of  65,500  gallons  per  acre  daily, 
with  the  result  of  great  improvement  in  the  appearance  and  analysis, 
although  the  efQuent  as  it  flows  from  the  filter  is  still  highly  charged 
with  organic  matter  in  solution.  The  following  is  the  analysis  of  the 
applied  liquor:  Free  ammonia,  2.3  parts  per  100,000;  albuminoid 
ammonia,  4.1  parts;  chlorine,  20  parts;  oxygen  consumed,  140  parts. 
The efSnent  shows:  Free  ammonia,  1.8  parts  per  100,000;  albuminoid 
ammonia,  2.29  parts;  chlorine,  12.59  parts;  nitrogen  as  nitrates,  0.105 
part,  and  as  nitrites,  0.0067  part;  oxygen  consumed,  84.36  parts.  The 
nitrates  and  nitrites  in  the  applied  liquor  are  nil.  It  is  clear,  therefore, 
that  some  considerable  nitrifying  action  has  taken  place  in  the  filter, 
bat  it  is  the  opinion  of  the  board  that  the  degree  of  alkalinity  is  so 
high  as  to  prevent  the  full  efit'ect  of  nitrification. 

WOOL-SCOURINO  WASTES. 

The  waste  liquors  of  wool  scouring  were  applied  to  a  filter  with  the 
same  depth  of  sand  and  effective  size  of  grains  as  in  the  previous  case, 
at  the  rate  of  17,000  gallons  per  acre  daily.  The  results,  so  far  as 
obtained,  show  that  while  a  considerable  improvement  of  such  a  liquor 
can  be  obtained  by  intermittent  filtration,  still,  owing  to  clogging*  of 
the  upper  layers  of  the  sand,  it  appears  desirable  that  a  preliminary 
treatment,  to  remove  a  part  of  the  dirt  and  fatty  matters  before  filtra- 
tion, should  be  applied.  The  average  analyses  of  the  waste  liquor 
from  wool  washing  and  of  the  effluent  were  as  follows:  The  applied 
liquor  contained  17.3  parts  of  free  ammonia  per  100,000;  albuminoid 
ammonia,  43.1  parts;  chlorine,  60.13  parts;  oxygen  consumed,  232 
parts.  The  effluent  contained:  Free  ammonia,  27.8  parts  per  100,000; 
albuminoid  ammonia,  8.3  parts;  chlorine,  47  parts;  nitrates,  0.28  part, 
and  no  nitrites;  oxygen  consumed,  90  parts.  The  applied  liquor  was 
eutirely  free  of  both  nitrates  and  nitrites.    A  refiltration  of  the  effluent 
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from  the  preceding  experiment  on  waste  liquor  from  wool  scouring  was 
made  through  two  filters,  one  containing  60  inches  in  depth  of  sand  of  the 
same  effective  size  of  grain  as  before  and  the  other  containing  60  inches 
in  depth  of  coke  breeze.  The  effluent  was  applied  to  the  two  filters 
for  three  months,  at  the  rate  of  50,000  gallons  per  acre  daily.  The 
liquor  passed  through  both  the  sand  filter  and  the  coke  breeze  very 
little,  changed,  thus  showing  not  only  the  stable  character  of  the 
organic  matters  present,  but  that  the  high  degree  of  alkalinity  was 
probably  prejudicial  to  nitrification. 

An  experiment  was  also  made  as  to  the  treatment  of  the  waste  liquor 
from  wool  scouring  by  the  preliminary  precipitation  of  the  fat  and  dirt 
by  means  of  calcium  chloride,  followed  by  intermittent  filtration.  This 
treatment  gives  an  almost  complete  clarification  of  the  liquor,  but  it 
passed  through  a  filter  5  feet  in  depth,  with  effective  size  of  sand  grain 
of  0.25  millimeter,  with  very  little  change. 

TANNERY   WASTES. 

In  order  to  test  the  efficiency  of  intermittent  filtration  as  applied  to 
tannery  wastes,  an  experimental  filter  has  been  set  up  at  Norwood,  Mas- 
sachusetts. On  account  of  the  condition^  imposed  by  the  location,  the 
filter  has  only  2  feet  of  sand,  the  effective  size  of  the  sand  grain  being 
0.14  millimeter.  The  sewage  applied  is  a  mixture  of  the  waste  liquors 
from  all  the  processes  carried  on  in  the  tannery;  and  it  was  applied  to 
this  shallow  filter  at  an  average  rate  of  55,000  gallons  per  acre  daily. 
The  results  obtained  were  as  follows:  The  applied  sewage  contained 
3.1  parts  of  free  ammonia  per  100,000;  albuminoid  ammonia,  3.16  parts; 
chlorine,  312  parts;  nitrates,  0.16  part;  nitrites,  0.0015  part;  oxygen 
consumed,  55  parts.  The  effluent  contained :  Free  ammonia,  2.34  parts 
per  100,000;  albuminoid  ammonia,  0.6  part;  chlorine,  290  parts; 
nitrates,  1.05  parts;  nitrites,  0.01  part;  oxygen  consumed,  7.5  parts. 

This  sewage  is  said  to  be  very  strong  and  offensive,  containing  decay- 
ing animal  tissues  and  the  bran  added  to  cause  fermentation.  It  is 
also  colored  by  the  dyes  used  in  finishing  the  hides,  which,  after  a  few 
weeks,  the  filter  failed  to  remove  completely.  The  applied  sewage  did 
not  contain  any  amount  of  the  spent  tan  liquor.  The  antiseptic  quali- 
ties of  the  tannic  acid  would,  without  doubt,  be  very  prejudicial  to 
nitrification. 

In  cleaning  hides  a  large  amount  of  lime  is  used,  in  consequence  of 
which  in  large  tanneries  there  is  an  almost  continuous  stream  of  lime 
water  flowing  into  and  mixing  with  the  other  waste  liquors.  By 
properly  arranged  settling  tanks  and  the  regulation  of  this  lime  water, 
it  is  the  opinion  of  the  Massachusetts  board  that  a  large  percentage  of 
the  sludge  could  be  precipitated  out.  Experiments  show  that  probably 
60  per  cent  of  the  organic  matter  can  be  removed  in  this  way,  although 
even  then  the  resulting  supernatant  sewage  would  still  remain  very 
rich  in  organic  matter  in  solution. 
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The  sapemataDt  sewage  from  sach  treatment  was  applied  to  a  small 
filter  at  the  average  rate  of  120,000  gallons  a  day.  After  several 
months'  operation  this  filter  is  stated  to  be  in  a  state  of  active  nitrifica- 
tion, giving  a  clear  and  nearly  odorless  efflaent.  It  is  the  opinion  of 
the  Massachusetts  board  that  by  treatment  of  tannery  sewage  on  this 
line  it  may  be  efficiently  purified  by  filtration. 

DYESTUFFS. 

Among  the  many  experiments  carried  out  at  Lawrence,  i)erhaps  as 
interesting  as  any,  are  those  relating  to  the  filtration  of  sewage  contain- 
ing dyestuffs.  This  division  of  the  sewage  question  is  specially  inter- 
esting because  of  the  large  number  of  manufacturing  establishiiients 
at  various  places,  the  refuse  from  which  usually  passes  without  treat- 
ment into  streams.  In  England  this  phase  of  sewage  purification 
became  of  considerable  importance  early  in  the  present  century, 
because,  generally  speaking,  the  streams  of  England  are  small,  and 
even  sixty  years  ago  a  number  of  them  had  become  badly  polluted  by 
the  waste  dyes  from  woolen,  cotton,  and  other  fabric  manufacturing 
establishments.  As  illustrating  the  conditions  twenty-five  years  ago, 
the  Second  Eivers  Pollution  Commission  gives  in  its  third  report  a 
reproduction  of  a  memorandum  written  with  the  water  of  the  river 
Calder  at  a  point  where  the  Wakefield  sewer  enters  that  stream.  This 
memorandum  reads  as  follows:  '< Dedicated  without  permission  to  the 
local  board  of  health,  Wakefield.  This  memorandum  written  with  water 
taken  from  the  point  of  junction  this  day,  between  the  river  Calder  and 
the  town  sewer.  Could  the  odor  only  accompany  this  sheet  it  would 
add  much  to  the  interest  of  this  memorandum." 

The  condition  of  the  river  Calder  has  been  improved  in  recent  years 
by  the  construction  of  a  number  of  sewage  purification  works  along  its 
banks,  although  when  seen  by  us  in  October,  1894,  it  was  still  far  from 
being  a  limpid  stream. 

Without  going  into  the  detail  of  the  Massachusetts  experiments  on 
the  filtration  of  various  dyes  used  in  fabric  manufacturing,  we  may 
simply  state  that  indigo  extract,  logwood  extract,  alizarin  base,  archil  B, 
rose  azurine,  benzo-azurine,  methyline  blue,  orange  2  E,  magenta,  mala- 
chite green,  and  scarlet  2  E,  when  applied  at  varying  rates— from 
335,000  gallons  per  acre  of  archil  B  to  1,280,000  gallons  per  acre  of 
methyline  blue — gave  an  effiuent  absolutely  free  from  color.  Scarlet 
2  E  applied  at  the  rate  of  1,076,000  per  acre  gave  an  efGLuent  as  highly 
colored  as  the  applied  sewage,  but  when  applied  at  the  rate  of  720,000 
gallons  per  acre  the  effluent  was  without  color.  Patent  blue,  when 
applied  at  the  rate  of  56,000  gallons  per  acre,  gave  a  slight  color;  it 
also  gave  a  slight  color  when  applied  at  the  rate  of  160,000  gallons  per 
acre,  but  when  applied  at  the  rate  of  from  335,000  gallons  per  acre  to 
960,000  gallons,  it  gave,  in  each  case,  a  strongly  colored  efOluent. 

Indigo  extract,  logwood  extract,  alizarin  base,  and  archil  B  are  dilute 
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colors.  The  others  are  coal-tar  colors  in  concentrated  form.  In  most 
of  the  experiments  the  removal  of  the  color,  as  already  stated,  was 
complete,  as  tested  by  viewing  the  effluents  in  tubes  of  from  200  to  600 
millimeters  depth. 

Considering  the  large  quantities  of  dyestuffs  applied  in  these  experi- 
ments, the  conclusion  may  be  drawn  that  dyes  as  likely  to  exist  in 
ordinary  city  sewage  are  easily  amenable  to  filtration  treatment. 

SPECIAL  EXPERIMENTS. 

In  the  course  of  the  experiments  at  Lawrence  a  number  were  made 
as  to  the  effect  of  antiseptics,  as  well  as  other  substances,  upon  nitrifi- 
cation. Some  of  the  more  important  of  these  experiments  may  be 
briefly  referred  to. 

(1)  For  several  weeks  a  considerable  quantity  of  egg  albumen,  a  sab- 
stance  nearly  insoluble  in  water,  was  applied  in  one  of  theexx>erLmental 
tanks,  the  object  being  to  determine  to  what  extent  it  would  be  ren- 
dered soluble  and  converted  into  free  ammonia.  The  indications  of  the 
first  experiment  were  that  about  6L  per  cent  of  the  total  nitrogen  con- 
tained in  the  albumen  applied  was  rendered  soluble  and  converted  into 
nitrates.  A  repetition  indicated  that  possibly  90  per  cent  of  the  total 
nitrogen  of  the  albumen  was  converted  into  nitrates. 

(2)  To  one  of  the  experimental  tanks,  which  at  the  time  of  the  first 
application  was  giving  a  perfectly  nitrified  effluent,  a  solution  of  ammo- 
nium chloride,  in  water  containing  1  part  of  ammonia  per  100,000,  was 
applied  in  place  of  the  sewage.  Enough  sodium  carbonate  was  mixed 
with  the  ammonium  chloride  solution  to  combine  with  the  chlorine  of 
the  ammonium  chloride,  and  also  with  the  nitric  acid  equivalent  to  the 
ammonia.  Nitrification  was  complete  from  the  first,  the  effluent  being 
not  only  free  from  ammonia,  but  containing  nearly  all  the  nitrogen 
applied,  as  nitrates.  The  strength  of  the  solution  was  gradually 
increased  until  it  contained  34  parts  per  100,000  of  ammonia,  after 
which  complete  nitrification  was  not  at  once  obtained,  but  finally  a 
nearly  complete  nitrification  resulted. 

(3)  Experiments  as  to  the  the  effect  of  an  excess  and  deficiency  of 
alkali  were  also  made,  showing  that  with  alkali  in  excess  nitrification 
was  not  in  the  least  interfered  with,  but  with  a  deficiency  the  process 
apparently  stopped  with  the  production  of  an  enormous  quantity  of 
nitrites. 

(4)  Experiments  as  to  the  effect  of  acid  upon  nitrification  were  made, 
which  showed  that  sewage  containing  a  large  percentage  of  sulphuric 
acid  may  have  a  msyor  part  of  its  nitrogenous  constituents  removed  for 
a  considerable  time.  If  we  are  dealing  with  a  sewage  which  contains 
moderate  quantities  of  sulphuric  acid  occasionally,  we  may  expect  to 
purify  it  by  intermittent  filtration  without  any  ill  effects;  but  if  the 
sewage  contains  sulphuric  acid  regularly,  the  acid  should  be  neutralized 
by  the  addition  of  lime  or  some  other  alkalL 
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(5)  Experiments  as  to  the  effect  of  common  salt  showed  that  when 
common  salt  was  present  in  such  quantity  that  the  chlorine  amounted 
to  1,200  parts  per  100,000  the  nitrification  was  quickly  checked  and  the 
common- salt  solution  passed  through  the  filter  almost  unchanged.  I^ 
however,  common  salt  be  added  gradually,  so  that  the  filter  may  have 
the  opportunity  to  adapt  itself  to  the  work  required  of  it,  the  result 
was  found  to  be  very  different.  In  an  experiment  of  this  character  it 
was  ascertained  that  with  gradual  increase  of  the  common-salt  solution 
nitrification  continued.  The  practical  result  arrived  at  was  that  sewage 
containing  a  considerable  quantity  of  common  salt  as  one  of  its  regular 
constituents  may  be  purified  by  intermittent  filtration  without  difficulty. 

(6)  Experiments  as  to  the  effect  of  sugar  upon  nitrification  showed 
that  if  a  considerable  quantity  of  sugar  is  applied  to  intermittent  filtra- 
tion it  will  cause  a  decrease  of  nitrification.  If,  however,  the  filter  can 
be  gradually  adapted  to  the  special  work  of  nitrifying  sugar,  the  nitri- 
fication will  finally  become  nearly  as  complete  as  when  sugar  is  absent. 

MECHANICAL  ANALYSES  OP  SANDS. 

The  selection  of  the  filtering  materials  is  a  very  important  point  in 

constructing  a  filter.    The  Massachusetts  State  board  of  health  has 

developed  a  method  of  sand  analysis  by  which  different  sands  may  be 

compared  and  from  their  relative  coarseness  their  efficiency  as  a  filter 

material  be  foretold. 

SIZE  OF  asAiN. 

As  described  in  the  twenty-third  annual  report  of  the  board,  the  sand 
is  first  sifted  through  a  series  of  sieves,  each  about  twice  as  fine  as  the 
one  next  coarser.  The  sand  passing  the  finest  sieve  is  divided  into 
several  portions  by  beaker  elutriation.  Each  portion  is  weighed,  and 
the  range  and  size  of  particles  is  determined  either  by  micrometer 
measurement  of  the  smaller  particles  or  by  computation  of  the  diame- 
ters of  larger  particles  by  their  weight.  The  diameters  of  all  particles 
are  taken  as  nearly  as  possible  at  the  diameter  of  a  square  of  equal 
volume.  In  each  case  the  diameters  are  exprensed  in  millimeters.  As 
illustrating  the  results  of  such  mechanical  analyses  in  their  application 
to  filter  material,  we  may  quote  the  following  as  the  percentage  state- 
ment of  the  fine  material  used  in  experimental  filter  Ko.  5.  In  this 
filter  the  material  with  mean  diameter  less  than  12.6  millimeters 
amounted  to  09  per  cent  of  the  whole;  material  with  less  diameter  than 
6.2  millimeters  to  96  per  cent  of  the  whole;  mean  diameter  less  than  2.2 
millimeters,  92  per  cent;  mean  diameter  less  than  0.98  millimeter,  89 
per  cent;  mean  diameter  less  than  0.46  millimeter,  80  per  cent;  diameter 
less  than  0.24  miUimeter,  67  percent;  diameter  less  than  0.12  millimeter, 
51  x>er  cent;  diameter  less  than  0.06  millimeter,  33  per  cent;  diameter 
less  than  0.03  millimeter,  16  per  cent;  diameter  less  than  0.01  millimeter, 
which  would  represent  the  organic  matter,  6  per  cent 
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We  have  an  example  of  the  mechanical  analysis  of  a  coarse  sand 
in  the  case  of  sand  from  filter  Ko.  1.    In  this  filter  the  material  with 

mean  diameter  less  than 
12.G  millimeters  amounted 
to  100  per  cent  of  the 
whole;  material  with  di- 
ameter less  than  6.2  milli- 
meters, to  97  per  cent  of 
the  whole;  mean  diameter 
less  than  2.2  mUlimeterSy 
85  per  cent;  mean  diam- 
eter less  than  0.98  milli- 
meter, 53  x)er  cent;  mean 
diameter  less  than  0.46 
millimeter,  7  per  cent; 
mean  diameter  less  than 
0.24  millimeter,  1.5  per 
cent;  mean  diameter  less 
than  0.12  millimeter,  0  per 
cent. 

In  the  same  way  the  results  of  the  mechanical  analysis  of  other 
sands  used  in  the  Lawrence  experiments  are  expressed  in  the  reports. 

In  order  to  compare  the 
results  of  the  mechanical  *1  I  IWl  \J 
analyses  of  the  several 
sands  experimented  with 
as  well  as  their  relative 
values  for  filtration,  we 
include  the  accompanying 
diagram,  fig.  1,  derived 
from  the  Massachusetts  re- 
ports. The  lines  repre- 
senting the  diameters  are 
spaced  according  to  the  lo- 
garithms of  the  diameters 
of  the  particles,  as  in  this 
way  materials  of  corre- 
sponding uniformity  in 
range  of  size  of  particles 
give  equally  steep  curves, 
regardless  of  the  absolute 
size  of  the  particles.  The 
materials  indicated  by  fig. 
1  are  stated  by  Mr.  Hazen 
to  include  the  whole  range 
of  the  sands  available  for 
^^wage  purification. 


10 


45 


15        20        25        80 
Per  cent  by  volume, 

Fia.  2. — Air  and  water  capaoitlea  of  sewage  filter  materUJa. 
Full  lines  represent  water  capacity  and  dotted  lines  air 
capacity. 
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AIB  AND  WATEB  CAPACITIES  OF  SANB. 

(In  order  to  estimate  the  filtering  capacity  of  any  given  material,  it  is 
important  to  nnderstand  the  air  and  water  capacity  of  the  filtering 
material  when  drained,  the  term  << water  capacity"  being  taken  to  des- 
ignate the  amount  of  water  retained  in  the  interstices  after  thorough 
draining.  It  is  clear  from  what  has  preceded  that  the  efficiency  of  the 
filtering  process  mast  dex>end  largely  upon  these  two  elements.  In 
fig.  2y  also  derived  from  the  Massachusetts  reports,  the  air  and  water 
capacities  of  the  same  materials  illustrated  by  fig.  1  are  shown,  though 
in  studying  this  diagram  it  should  be  borne  in  mind  that  the  curves  for 
air  space  and  water  capac- 
ity can  be  taken  only  as  ^ 
general  averages,  because 
the  tenacity  of  the  mate- 
rial can  be  varied  greatly  ^ 
in  packing.  It  is  obvious 
,that  the  amount  of  water 
will  dex>end  not  only  upon 
the  closeness  of  the  pack- 
ing but  also  upon  its 
uniformity,  the  tendency 
always  being  toward  an 
increase  of  the  water  ca- 
pacity. It  will  also  depend 
at  any  given  time  ux>on  the 
amount  of  organic  matter 
stored  from  the  material 
filtered.  The  water  capac- 
ity will  also  depend  largely 
upon  the  size  of  the  particles,  the  finer  sands  holding  much  water,  espe- 
cially at  the  bottom,  while  with  coarse  sands  the  amount  held  will  be 
nearly  constant  from  top  to  bottom.^ 
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LIMITATION  OF  SIZE  OF  DOSE. 

The  diagram,  fig.  3,  also  taken  from  the  Massachusetts  rei>orts,  will 
illustrate  the  range  of  capacity  with  different  materials  in  this  partic- 
ular. This  figure  illustrates  the  limit  of  size  of  a  single  dose  with  refer- 
ence to  air  and  water  capacities.  The  various  materials  are  indicated 
by  vertical  lines,  whDe  the  per  cent  of  total  volume  is  indicated  by 
horizontal  lines,  the  lower  i>ortion  of  the  two  curves  showing  the  maxi- 
mum dose  for  any  given  material  which  can  be  applied  at  one  time 
with  good  results.  If  the  dose  is  greater  than  that  indicated  in  the 
curve  of  water  limit,  it  is  probable  that  some  will  pass  the  filter  before 


'  Beferenoe  to  the  twenty-third  annual  report  of  the  Massachnsetts  board  wiU  famish  a  discnsiioii 
of  theae  important  practical  qaestions  in  fall  detail. 
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complete  purification.  K  the  air  limit  is  exceeded,  the  oxygen  in  the 
filter  is  liable  to  be  exhausted  before  the  oxidation  is  complete. 

In  the  line  of  these  studies  the  Massachusetts  reports  give  a  table 
showing  the  doses  proved  to  be  adapted  to  the  various  materials 
under  the  most  favorable  conditions  of  management.  For  material 
No.  16  of  the  preceding  diagrams,  as  actually  applied  in  practice  at 
the  experiment  station,  the  dose  was  2,800  gallons  per  acre,  applied  500 
times  a  week,  this  amount  giving  a  daily  average  of  200,000  gallons  per 
acre.  For  material  No.  1  the  size  of  dose  is  40,000  gallons,  applied  18 
times  a  week,  giving  an  average  daily  amount  of  103,000  gallons  per 
acre.  For  material  No.  6  the  size  of  dose  is  70,000  gallons  per  acre, 
applied  6  times  a  week,  giving  a  daily  average  of  60,000  gallons  per 
acre.  For  material  No.  9  the  size  of  dose  is  120,000  gallons  an  acre, 
applied  6  times  a  week,  giving  a  daily  average  of  103,000  gallons  per 
acre.  For  No.  2  the  dose  is  140,000  gallons  an  acre,  3  times  a  week, 
giving  a  daily  average  of  60,000  gallons  per  acre.  For  No.  4  the  dose 
is  80,000  gallons,  3  limes  per  week,  giving  a  daily  average  of  34,000 
gallons  per  acre.  The  depth  of  the  material  to  which  these  applications 
were  made  was  in  every  case,  with  the  exception  of  No.  6,  5  feet;  for 
No.  6  the  depth  was  4  feet. 

As  stated  in  the  report,  it  must  be  borne  in  mind  that  the  above  fig- 
ures are  applicable  only  to  clean  materials  under  favorable  conditions, 
and  that  in  order  to  apply  large  doses  permanently  with  good  results 
the  surface  material  must  be  occasionally  renewed,  as  already  discussed. 

PURIFICATION  OBTAINED  BY  INTERMITTENT  FILTRATION. 

As  to  the  degree  of  purification  obtained  by  intermittent  filtration, 
the  Massachusetts  experiments  show  that  very  high  degrees  are  reached 
easily.  By  way  of  illustrating  the  matter  we  may  simply  cite  that  city 
sewage  has  been  purified  to  the  extent  of  removing  from  95  to  99.5  per 
cent  of  the  polluting  material.  Sewage  containing  from  500,000  to 
1,000,000  bacteria  per  cubic  centimeter  has  been  experimentally  so  far 
purified  of  bacteria  that  the  effluents  have  frequently  contained  as  few 
as  from  25  to  100  bacteria  i)er  cubic  centimeter.  In  order  to  appreciate 
this  degree  of  bacterial  purification  we  may  consider  that  well  waters 
in  common  use  frequently  contain  from  2,000  to  3,000  bacteria  per  cubic 
centimeter.  As  regards  chemical  and  biological  considerations  there 
is  therefore  no  reason  why  such  sewage  effluents  are  not  fit  to  drink. 

SUMMARY  OF  MASSACHUSETTS  EXPERIMENTS. 

The  body  of  information  in  regard  to  sewage  purification  by  inter- 
mittent filtration  which  is  presented  in  the  several  reports  of  the 
Massachusetts  State  board  of  health  has  become  so  extensive  that  one 
must  be  an  expert  to  keep  in  mind  the  many  interesting  and  valuable 
results  brought  out.  As  assisting  the  general  reader,  who  may  not 
care  to  travel  through  the  several  thousand  pages  of  matter  given  in 
these  reports,  reference  may  be  made  to  the  very  excellent  summary  of 
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the  results  obtained  from  intermittent  filtration  daring  seven  years' 
exi>erinientation,  which  appears  on  page  497  of  the  report  of  1894,  where 
may  be  found  brief  statements  of  yearly  averages  of  the  various  kinds 
of  filters  experimented  upon^  as  well  as  an  outline  of  the  most  impor- 
tant features  in  the  operation  of  each  filter. 
In  concluding,  it  is  pointed  out  that — 

(1)  The  qualitatiye  efficiency  of  the  filters  is  lower  in  winter  than  in 
summer  chiefly  because  of  the  inactivity  of  the  nitrifying  organisms  when 
exposed  to  low  temperature.  The  indications  at  present  are  that  it  is 
not  advisable  to  allow  exposed  filters  to  rest  in  winter,  even  for  limited 
I>eriods. 

(2)  Qualitative  deterioration  is  a  serious  matter  in  winter,  because 
nitrification  can  not  be  promptly  reestablished  as  in  summer. 

(3)  It  has  been  learned,  however,  that  when  nitrification  is  active  at 
the  beginning  of  winter  it  may  by  proper  treatment  be  preserved  dur- 
ing the  cold  season.  To  this  end  frost  should  not  be  allowed  to  pene- 
trate into  the  interstices  of  the  filters. 

(4)  The  warmer  the  sewage,  within  limits,  the  better  the  results. 
Where  high  degrees  of  purification  are  imperative  in  winter  the  sewage 
may  be  heated  to  a  temperature  of  lOOo  F.  We  may  conclude,  then, 
that  the  arrangement  of  the  filter  bed  should  be  with  reference  to  pre- 
serving, so  far  as  possible,  the  heat  actually  present  in  the  sewage  as  it 
arrives  in  the  filter.  For  this  purpose  the  trenching  of  the  filter  area 
is  especially  efficient,  because  it  concentrates  the  heat,  thus  aiding  in 
preserving  the  biological  process  in  a  state  of  efficiency.' 

(5)  In  any  case  sewage  should  be  so  applied  as  to  penetrate  all  por- 
tions of  the  filter,  as  otherwise  the  passage  through  will  be  rapid  and 
irregular,  thus  tending  to  a  low  degree  of  x)urification. 

(6)  The  composition  of  sewage,  particularly  as  regards  the  kind  of 
sewage,  is  a  much  more  marked  factor  in  winter  than  in  summer.  This 
is  true  even  in  the  case  of  experimental  filters,  where  special  lines  of 
treatment  to  keep  the  filters  in  operation  are  feasible. 

VAIiUE    OF    COMMERCIAIi    FEKTIIilZERS. 

In  order  to  indicate  the  theoretical  value  of  the  nitrogen,  phosphates, 
and*iK)tash  of  crude  sewage,  the  following  statement  of  trade  values 
of  fertilizing  ingredients  in  raw  materials  and  chemicals  of  commercial 
fertilizers,  as  used  by  the  agricultural  experiment  stations  of  the  coun- 
try, is  included.  The  valuations  obtained  by  the  use  of  these  figures 
agree  fairly  well  with  the  average  retail  price  of  standard  materials. 
Onie  price  per  pound,  in  cents,  is  as  follows; 

Value  of  chemioal  ingredients  in  oornmeroial  fertiligere. 

Cents. 

Nitrogen  m  ammonia  salts 17 

Nitrogen  in  nitrates 15.6 

Organic  nitrogen  in  dry  and  fine-gronnd  potash,  meat,  and  blood,  and  in  high- 
grade  mixed  fertilizers 17. 5 

iPor  an  esdmate  in  detail  of  the  cost  of  heating  sewage  see  Bafter  and  Baker's  Sewage  Disposal  in 
the  United  States,  p.  886. 
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CenU. 

Organic  nitrogen  in  cotton-seed  meal  and  castor  pomace 16.5 

Organic  nitrogen  in  fine-ground  bone  and  tankage 15 

Organic  nitrogen  in  fine-ground  medium  bone  and  tankage 12 

Organic  nitrogen  in  medium  bone  and  tankage 9 

Organic  nitrogen  in  coarse  bone  and  tankage 7 

Organic  nitrogen  in  hair,  horn  shavings,  and  coarse  potash  scraps 7 

Phosphoric  acid,  soluble  in  water 6. 5 

Phosphoric  acid,  soluble  in  ammonium  citrate 6 

Phosphoric  acid  in  fine  bone  and  tankage 6 

Phosphoric  acid  in  fine  medium  bone  and  tankage 5 

Phosphoric  acid  in  medium  bone  and  tankage 4 

Phosphoric  acid  in  coarse  bone  and  tankage 3 

Phosphoric  acid  in  fine-ground  fish,  cotton-seed  meal,  castor  pomace,  and  wood 

ashes 5 

Phosphoric  acid  in  fine-ground  rock  phosphate 2 

Potash  as  high-grade  sulphate  in  forms  free  from  muriates  (chlorides),  in  ashes, 

etc 5. 5 

Potash  in  kainit 4.5 

Potash  in  muriate 4. 5 

Organic  nitrogen  in  mixed  fertilizers 17. 5 

Insoluble  phosphoric  acid  in  mixed  fertilizers 2 

Faltie  of  fertilizing  ingredienta  in  foods, 

Cemto. 

Organic  nitrogen 17.5 

Phosphoric  acid 5 

Potash 5.5 

NECESSITY  OF  PURIFICATION  OF  SEWAGE  AT  TOWNS  ON 

THE  GREAT  XiAEES.^ 

According  to  statistics  of  the  Eleventh  Gensas,  the  basin  of  the  Great 
Lakes,  especially  the  area  contignoas  to  Lakes  Ontario,  Erie,  and  Michi- 
gan, is,  next  to  the  Atlantic  seaboard,  the  most  densely  populated  area 
of  the  United  States.  Bordering  on  Lakes  Ontario,  Erie,  and  Michigan 
are  great  and  rapidly  growing  cities  from  which  all  of  the  sew^e  now 
passes  into  these  lakes.  The  surrounding  regions  are  usually  not 
greatly  elevated  above  the  lakes,  and  hence  do  not  afford  any  oppor- 
tunity for  obtaining  upland  waters  for  municipal  supplies.  The  water 
supplies  of  towns  on  the  Great  Lakes  are  not  only  now  almost  univer- 
sally taken  from  these  bodies  of  water,  but  must  necessarily  continue  to 
be  so  taken  in  the  future.  At  present  the  sewage  of  the  Great  Lake 
cities  is  discharged  without  treatment  into  the  same  bodies  of  water 
from  which  the  public  water  supplies  are  taken.  An  exception  is  the 
city  of  Rochester,  which  wisely  brings  its  water  supply  by  gravity  from 
Hemlock,  an  inland  lake  about  30  miles  distant;  but  Buffalo,  Erie, 
Oleveland,  Detroit,  Chicago,  Milwaukee,  and  many  other  towns  take 
their  water  supplies  in  the  manner  stated.  Without  going  into 
details  for  all  the  Great  Lakes,  we  will  state  that  Lake  Michigan  alone 
receives  at  the  present  time  the  sewage  of  municipalities  and  small 
towns  aggregating  over  2,000,000  people,  and  this  population  is  rapidly 

'  This  chapter  Ia  prraented  to  illnstrato  tho  vast  imi>ortance  which  sewage-pnrlflcatioii  atadies  are 
*npidly  aaauniing  in  the  United  States. 
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increasing,  having  about  doubled  in  teu  years.  A  similar  increase  in 
population  has  taken  place  in  the  cities  and  towns  tributary  to  the 
lower  Great  Lakes.  Thus,  Detroit  had  a  population  in  1880  of  116,340, 
and  in  1890,  205,876.  Cleveland  showed  a  population  in  1880  of 
160,146,  and  in  1890,  261,353.  In  1880  Buffalo  had  155,134;  in  1890, 
255,664. 

EFFECT  OF  SEWAGE  ON  LAKE  WATERS. 

The  modem  studies  all  indicate  that  when  organic  matter  in  increas. 
ing  quantities  is  continually  poured  into  a  body  of  fresh  water,  a  point 
is  quickly  reached  beyond  which  the  body  of  fresh  water,  whether  it 
be  lake,  pond,  or  running  stream,  has  no  power  of  further  assimilation. 
Chemical  analyses  of  the  waters  of  the  Great  Lakes  show  a  gradually 
increasiQg  contamination  during  the  last  fifteen  or  twenty  years.  The 
evidence  is  multiplying  that,  with  the  present  increase  in  population, 
the  Great  Lakes,  if  they  continue  to  be  used  as  common  sewers,  will  soon 
become  totally  unfit  for  use  as  drinking  water.  When  this  time  arrives 
one  of  two  alternatives  must  be  followed — either  every  source  of  water 
supply  must  be  filtered  or  the  sewage  of  the  towns  must  be  efficiently 
purified  before  it  is  allowed  to  flow  into  the  lakes.  In  some  cases  the 
conditions  are  such  that  both  remedies  must  be  applied. 

The  question  of  the  limit  of  x>ermissible  contamination  of  these  waters 
is  very  likely  to  arise,  either  as  to  the  number  of  bacteria,  the  micro- 
scopical forms,  or  the  chemical  constituents.  The  answer  is,  it  will 
depend  entirely  upon  the  environment.  If  a  given  water  is  known  to 
receive  sewage,  a  very  small  quantity  of  organic  matter,  indicated 
either  by  the  free  and  albuminoid  ammonias  or  by  the  loss  on  ignition, 
may  justly  cast  suspicion  upon  it.  If,  on  the  other  hand,  there  is  no 
sewage  contamination  and  the  organic  matter  present  is  clearly  shown 
to  be  due  to  natural  drainage  from  the  surface  of  the  ground,  the 
ammonias  and  loss  on  ignition  have  very  little  significance.  As  to  the 
number  of  bacteria.  Dr.  Koch,  the  originator  of  the  method  of  gelatin 
cultures,  laid  down  the  principle  that  potable  waters  might  show,  when 
examined  immediately  on  collection,  as  high  as  1,000  bateria  per  cubic 
centimeter  without  condemning  them.  The  more  recent  studies,  how- 
ever, tend  to  show  that  Koch's  original  figure  was  somewhat  too  high, 
and  at  present  it  is  considered  that  a  sanitarily  unobjectionable  water 
ought  not  to  show  more  than  300  to  500  forms  per  cable  centimeter. 
When  the  number  riscA  much  above  that  amount  the  water  is  open  to 
suspicion. 

Bacteriological  examinations  of  the  water  of  the  Great  Lakes  show 
that  the  water  at  Detroit  is  superior  for  domestic  use  to  that  at  Buffalo. 
The  difference  must  be  ascribed  to  the  vast  amount  of  sewage  poured 
into  Lake  Erie,  and  the  incapacity  of  that  body  of  water  to  purify  itself 
thoroughly  before  reaching  the  Buffalo  intake  at  the  head  of  the 
Niagara  Biver. 
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If  space  permitted,  many  analyses  of  the  water  of  the  Great  Lakes 
might  be  quoted  which  show,  on  the  whole,  a  gradually  increasing 
contamination.^ 

One  point  of  interest  about  the  water  supply  of  the  city  of  Milwaukee 
may  be  noted.  During  the  navigation  seasons  of  1892,  1893,  and  1894 
the  United  States  Weather  Bureau  carried  out  an  extended  series  of 
float  experiments  in  order  to  determine  the  actual  trend  of  the  currents 
of  the  Great  Lakes.  As  regards  Lake  Michigan,  the  experiments 
clearly  show  that  there  is  a  rapid  whirl  at  the  south  end,  with  a  strong 
current  passing  north  along  the  east  shore,  while  along  the  west  shore 
the  current  flows  south.  This  disposition  of  the  currents  undoubtedly 
favors  the  water  supply  of  the  city  of  Milwaukee,  giving  to  that  city 
water  with  less  organic  contamination  than  it  would  receive,  either  if 
there  were  no  current  or  if  the  current  set  firom  the  south  to  the  north 
along  the  west  side,  bringing  to  Milwaukee  the  contaminated  water  of 
the  Chicago  lake  front.  As  the  currents  now  flow  Chicago  receives  the 
contaminated  water  of  Milwaukee. 

At  Chicago  the  barbarous  practice  of  turning  the  sewage  of  a  great 
city  into  the  body  of  water  from  which  the  public  water  supply  is  taken 
has  resulted  so  disastrously  as  to  lead  to  the  construction  of  what  is 
known  as  the  Chicago  drainage  canal,  by  which  it  is  expected  to  deliver 
the  greater  part  of  the  Chicago  sewage  into  the  head  waters  of  the  Uli- 
nois  Eiver,  and  so  finally  into  the  Mississippi.  Partial  investigations, 
made  several  years  ago  under  the  auspices  of  the  Illinois  State  board  of 
health,  indicated  a  very  rapid  purification  of  the  sewage-contaminated 
waters  of  the  present  Illinois  and  Michigan  Canal  as  they  flow  to  the 
south.  The  investigation  has  not  been  carried  far  enough  to  indicate 
what  the  results  will  be  upon  the  Illinois  Eiver  and  the  Mississippi 
when  the  project  shall  have  been  completed  and  the  sewage  of  Chicago 
largely  turned  south.  The  known  facts  as  to  the  increasing  contamina- 
tion of  the  Great  Lakes  would  indicate  the  vaet  importance  of  deter- 
mining the  ultimate  eff'ect  of  such  discharge.  In  considering  such  effect, 
moreover,  one  should  bear  in  mind  the  difference  between  running 
streams  and  lakes  with  only  slight  currents. 

DANGER  OF  WINTER  TYPHOID. 

As  regards  water  supplies  from  the  Great  Lakes  at  places  so  fieur 
north  as  to  render  probable  the  closing  of  the  lakes  by  ice  nearly  every 
winter,  there  is  another  serious  view  connected  with  taking  water  either 
contaminated  or  liable  to  be  contaminated  by  sewage,  which  has  thus 
far  been  generally  overlooked.  So  long  as  the  lakes  remain  open, 
usually  the  antagonisms  of  the  aerobic  forms  of  microbic  life  will  be 
sufficient,  except  in  cases  of  extremely  severe  contamination,  to  keep 
typhoid  and  other  anaerobic  forms  mostly  in  subjection;  but  as  soon  as 
the  lake  surfaces  are  covered  with  ice  an  entirely  new  set  of  conditions 

>  The  author  ha«  in  preparatioii  a  paper  on  Water  Supplies  fh>m  the  Great  Lakea,  in  which  ftiU 
''\  will  be  given. 
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exist;  the  air  is  then  excluded  and  the  anaerobic  forms  develop  at  the 
expense  of  the  aerobic.  This  undonbtedly  explains  the  severe  epi- 
demics of  winter  typhoid  which  have  occurred  at  Buffalo^  New  York ; 
Lorain,  Ohio;  Windsor,  Ontario;  Ashland,  Wisconsin ;  Duluth,  Min- 
nesota; Chicago,  niinois,  and  at  a  number  of  other  places  on  the  Great 
Lakes.  The  following  are  some  of  the  particulars  of  these  winter 
outbreaks: 

In  the  latter  part  of  February,  1894,  on  account  of  low  water  in  the 
^Niagara  Eiver,  it  became  necessary  to  take  the  water  supply  of  the  city 
of  Buffalo  from  an  old  inlet  said  to  be  in  a  current  carrying  the  dis- 
charge from  sewers  higher  up.  From  March  6  to  1 1,  inclusive,  the  total 
number  of  typhoid  cases  reported  was  36.  On  March  12,  26  new  cases 
were  reported.  *  The  next  day  the  number  was  increased  100,  and  then 
by  88,  79, 52,  and  25  on  successive  days,  making  a  total  of  40G  cases  from 
March  6  to  17,  inclusive,  and  370  cases  in  the  six  days  from  March  12 
to  17,  inclusive.  These  cases  were  mostly  of  such  mild  character  that 
only  0  deaths  were  reported  for  the  whole  month.  In  March,  1893,  only 
4  deaths  occurred,  and  in  March,  1892,  but  1. 

The  city  of  Lorain,  Ohio,  is  located  at  the  mouth  of  the  Black  Biver, 
which  receives  the  sewage  of  Elyria,  several  miles  distant.  It  also 
receives  the  sewage  of  Lorain,  in  which  place  sewers  were  first  laid 
down  in  1892,  their  use  for  water-closet  drainage  beginning  in  October 
or  November  of  that  year.  The  water  supply  of  the  town  is  taken  from 
very  near  the  end  of  the  harbor  jetties,  where  the  sewage  first  has  free 
access  to  the  lake  water.  Lake  Erie  was  closed  with  ice  at  Lorain 
during  the  months  of  January,  February,  and  March,  1893.  In  March 
and  April  there  was  a  serious  epidemic  of  typhoid  fever,  8  deaths  occur- 
ring in  a  population  of  about  5,000.  In  1895  the  lake  was  again  closed 
with  ice  during  the  months  of  February  and  March,  and  typhoid  fever 
again  became  epidemic,  there  being  3  deaths  in  February,  2  in  March, 
and  4  in  April. 

In  February,  1896,  tj^phoid  fever  became  epidemic  at  Windsor,  Onta- 
rio, a  town  on  the  Detroit  liiver  just  opposite  the  city  of  Detroit. 
During  the  previous  mouth  of  December,  1895,  the  total  number  of 
cases  was  9;  for  January  the  total  was  18;  for  February  82,  and  for 
March  13;  making  a  total  for  the  four  months  of  122.  The  cause  of 
the  outbreak  is  ascribed  to  the  presence  of  the  sewage  of  Walkerville 
in  the  Windsor  water  supply.  The  discharge  of  Walkerville  sewage 
above  the  Windsor  waterworks  intake  has  been  a  source  of  contro- 
versy between  Windsor  and  Walkerville  for  several  years,  and  although 
more  or  less  typhoid  fever  has  existed  at  Windsor  the  outbreak  in  Feb- 
ruary, 1896,  is  the  most  serious  winter  epidemic  thus  far  experienced 
there.  As  stated  in  the  report  of  the  Provincial  Board  of  Health  of 
Ontario,  there  was  a  severe  freshet  about  January  25, 1896. 

During  the  winter  of  1894  a  severe  epidemic  of  typhoid  fever  occurred 
at  Ashland,  Wisconsin.  Several  hundred  cases  developed  in  a  few 
weeks,  and  from  the  distribution  there  was  every  reason  to  ascribe 
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their  origin  to  the  condition  of  the  city  water  Bapply,  which  is  taken 
from  Ghequamegon  Bay,  an  arm  of  Lake  Superior,  on  which  the  city 
is  situated.  This  bay  is  about  12  miles  long,  with  an  average  width  of 
5  miles.  It  varies  in  depth  from  8  to  36  feet.  A  large  breakwater  has 
been  constructed  to  the  northwest  of  the  city,  on  the  city  side  of  wliicli 
is  located  the  mouth  of  the  intake  pii)e  of  the  public  water  supply, 
about  a  mile  from  the  shore.  This  arrangement  is  unfortunate,  because 
it  permits  the  sewage  and  storm  water  of  the  city  to  flow  directly  over 
the  mouth  of  the  intake  pipe. 

In  February,  1894,  the  ground  was  covered  with  2  feet  of  snow. 
In  the  last  week  of  the  month  there  were  heavy  rains  and  warm 
weather,  which  in  a  few  days  melt/cd  all  the  snow  and  washed  the 
accumulations  of  the  winter  into  the  bay.  Typhoid  fever  broke  out  in 
from  ten  to  fifteen  days  thereafter,  and  in  a  week  after  the  first  case 
made  its  appearance  there  were  over  300  cases.  The  epidemic  lasted 
about  eight  weeks,  and  finally  terminated  with  450  cases  and  2G  deaths. 
Bacteriological  examinations  of  the  water  showed  that  it  contained  as 
high  as  36,000  bacteria  to  the  cubic  centimeter.  Typhoid  germs  were 
found  in  one  examination,  and  the  bacillus  coli  communis  in  every 
examination  made.  This  experience  has  led  the  city  of  Ashland  to 
construct  a  sand  filtration  plant. 

A  severe  epidemic  of  typhoid  fever  occurred  at  Duluth,  Minnesota, 
a  few  winters  ago  under  conditions  similar  to  those  at  Ashland. 

We  have  noted  the  insanitary  conditions  at  Chicago  on  a  previous 
page.  By  way  of  illustrating  the  prevalence  of  typhoid  in  that  city 
we  may  refer  to  the  following  table,  showing  the  number  of  deaths  firom 
that  disease  in  Chicago  from  January,  1890,  to  December,  1893,  inclusive, 
taken  from  the  annual  reports  of  the  Chicago  department  of  health: 

Number  of  deaths  in  Chicago  reeulHng  from  iyphoid  fever. 


January . . 
February - 

March 

April 

May 

Juoe 

July 

August 

September 
October  . . 
November 
December 


1890. 


Total 


53 

136 

103 

45 

32 

107 

86 

115 

85 

72 

67 

47 

1,008 


1891. 

1892. 

1893. 

67 

311 

41 

61 

187 

30 

71 

76 

41 

136 

56 

58 

408 

70 

56 

167 

55 

60 

200 

211 

55 

182 

179 

76 

198 

138 

86 

171 

92 

81 

150 

67 

43 

186 

47 

43 

1,997 

1 

1,489 

670 
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The  above  table  sbows  that  typhoid  fever  was  epidemic  in  Ohicago 
in  Febniary  and  March,  1890,  in  April,  May,  June,  and  Jaly,  1891,  and 
in  January  and  February,  1892.  All  these  outbreaks,  as  well  as  the 
general  high  typhoid  death  rate,  must  be  attributed  entirely  to  the  pol- 
luted water  supply.  The  next  year,  1893,  was  the  year  of  the  Colum- 
bian Exx)osition,  and  much  greater  efforts  were  made  in  that  year  to 
insure  proper  sanitary  conditions  in  Ohicago.  That  these  efibrts  were 
well  directed  is  shown  by  the  great  reduction  in  the  typhoid  death  rate 
for  that  year. 

In  regard  to  typhoid  fever,  it  may  be  assumed  as  axiomatic  that  it  is 
a  disease  of  the  fall  months,  which  under  normal  conditions  attains  its 
maximum  in  October  and  l^ovember.  If,  then,  we  find  it  seriously 
prevalent  during  the  winter  months,  we  must  assume  the  existence  of 
unnatural — and  as  regards  the  cases  just  presented,  unnecessary — con- 
ditions. So  far  as  known,  the  reason  for  its  excessive  development  in 
cold  weather  is  the  one  already  given.  As  to  the  validity  of  this  reason, 
it  may  be  i>ointed  out  that  similar  winter  outbreaks  have  occurred  at 
Zurich  *  and  Geneva,  Switzerland.  The  evidence  is  therefore  now  so 
far  multiplied  as  to  render  it  practically  certain  that  a  winter  outbreak 
ef  typhoid  fever  means  not  only  sewage  contamination  of  the  water 
supply,  but  the  existence  of  conditions  different  from  those  ordinarily 
obtaining  while  the  lakes  are  open.  Hence  the  several  outbreaks  of 
winter  typhoid,  of  which  we  have  record  in  the  Great  Lake  cities  and 
towns  are,  aside  from  others,  a  valid  reason  why  sewage  treatment  of 
some  sort  is  rapidly  becoming  imperative  at  the  Great  Lake  towns. 

AMSBIOAK  SEWAGE-DISPOSAL  PLANTS. 

MAINE. 

Augusta,  State  Insane  Asylum. — So  far  as  known,  the  credit  of  the 
first  attempt  at  sewage  irrigation  in  the  United  States  belongs  to  Mr. 
O.  B.  Laken,  treasurer  of  the  State  Insane  Asylum  at  Augusta,  Maine, 
who  carried  out  a  system  of  irrigation  there  about  1872.  From  a 
description  in  the  Seventh  Annual  Eeport  of  the  State  Board  of  Health 
of  Massachusetts  (1876),  it  is  learned  that  the  sewage,  which  then 
amounted  to  about  7,000  gallons  per  day,  first  passed  by  gravity  into 
large  tanks,  where  it  was  mixed  with  absorbents — straw,  leaves,  muck, 
etc.  The  solid  parts  were  from  time  to  time  carted  onto  land,  while  the 
liquid  i>ortion  flowed  off,  to  be  used  for  irrigation.  In  the  summer  of 
1875  an  irrigated  area  of  a  few  acres  yielded  three  crops  of  fine  hay. 
A  portion  of  the  sewage  was  also  used  in  irrigating  a  vegetable  garden. 
It  is  understood  that  after  the  death  of  Mr.  Laken  this  irrigation  was 
abandoned. 

NEW  HAMPSHIRE. 

Concordj  State  Insa/ne  Asylum. — The  sewage  of  this  asylum  was  used 
for  irrigation  about  the  same  time  as  that  of  the  Augusta  asylum.    In 

>  For  an  account  of  an  outbreak  of  winter  typhoid  at  Zurich,  Switzerland,  see  Mr.  Preller's  paper 
on' The  Zurich  water  supply,  etc. :  Proc.  Inst.  Civ.  Eng.,  Vol.  CXI,  pp.  267-306. 
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this  case  it  was  necessary  to  pump  the  sewage  to  the  irrigated  area. 
The  Eighth  Annual  Eeportof  the  State  Board  of  Health  of  Massachu- 
setts states  that,  although  the  crops  were  Tcry  much  increased  in  value, 
the  sewage  had  not  been  disposed  of  at  Concord  in  the  systematic  way 
which  would  be  necessary  in  dealing  with  larger  quantities.  It  is  not 
known  whether  this  irrigation  is  now  in  use  or  not. 

Rockingham  County  Poor  Farm. — A  sewage-disposal  plant  was  first 
operated  at  the  Eockingham  Oounty  Poor  Farm  in  1895.  The  plant, 
which  is  designed  to  meet  the  needs  of  about  1,000  people,  consists  of  two 
sets  of  collecting  tanks,  with  filter  beds,  all  so  arranged  as  to  admit  of 
intermittent  use,  the  whole  inclosed  in  a  building.  Sewage  is  first  re- 
ceived in  a  collecting  tank  7  feet  wide,  9.5  feet  long,  and  7  feet  deep, 
where  most  of  the  sludge  is  deposited.  The  sewage  then  passes  into  a 
second  tank,  about  half  the  size  of  the  first,  and  connected  therewith  at 
the  bottom.  The  effluent  from  the  second  tank  flows  upon  a  filter  bed 
of  coarse  sand,  22  or  23  feet  square  and  5  feet  in  depth.  The  sludge  is 
utilized  for  compost.  The  filter  areas  are  ventilated  by  a  force  draft 
over  and  under  them.  From  the  information  at  hand  it  is  inferred  that 
this  plant  is  a  patented  process,  owned  by  the  Glover  Sanitary  Sewage 
Company.^ 

MASSACHUSETTS. 

Amherst — ^This  is  a  college  town  in  the  Connecticut  Yalley,  with  a 
population  in  1890  of  4,512.  A  public  water  supply  was  constructed 
in  1879  and  sewerage  and  sewage-disposal  works  in  1881.  The  sewers 
are  on  the  separate  system.  In  the  absence  of  a  water  course  suitable 
to  receive  the  sewage,  it  was  conducted  to  a  settling  tank,  firom  which 
the  liquid  matter  is  drained  onto  land  through  ditches,  and  the  sludge 
is  periodically  removed  and  spread  upon  land.  Ordinarily  the  sludge 
is  removed  once  a  week  by  simply  opening  a  valve  and  allowing  it  to 
flow  into  a  bed  excavated  in  the  sand,  where  the  water  rapidly  drains 
away. 

About  three- fourths  of  the  sewage  of  the  town  is  treated  in  this  way, 
the  remainder  goiug  to  a  field  having  a  sandy  soil,  where  it  fiows  into 
absorption  ditches.  Three  heavy  crops  of  hay  are  cut  yearly  from  the 
irrigated  area,  which  previously  gave  only  one  light  crop  a  year.  This 
tract  is  not  underdrained,  and  it  is  stated  that  the  sewage  does  not  give 
any  trouble  by  collecting  in  hollows.    The  field  has  a  slight  slope.' 

Brockton. — A  good  recent  example  of  intermittent  filtration  pure  and 
simple  may  be  seen  in  the  works  recently  constructed  at  Brockton,  Mas- 
sachusetts, a  shoe-manufacturing  town  a  short  distance  southwest  of 
Boston,  with  a  population  in  1890  of  27,294.  Waterworks  were  com- 
pleted in  1880  and  1881,  but  a  separate  system  of  sanitary  sewers  was 
not  put  in  operation  until  the  latter  part  of  1894. 

1  Refer  to  Eng.  and  Bldg.  Record,  Vol.  XXXIII,  May  9, 1896. 

s  Rafer  to  Twenty-fifth  Ann.  Rept.  Maea.  St  Bd.  Health ;  Sewage  Diapoaal  in  the  United  States .-  and 
Eng.  Kews,  Vol.  XXVm,  July  31, 1883. 
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By  the  application  of  meters  the  use  of  water  at  Brockton  has  been 
kept  quite  low.  For  the  year  ending  November  30, 1894,  the  average 
daily  consumption  per  capita  was  only  24.3  gallons,  the  highest  figure 
being  39,4,  for  the  month  of  June,  and  the  lowest  18.7  gallons,  for 
March.  In  the  design  of  the  sewers  Mr.  Snow,  the  city  engineer,  has 
made  allowance  for  a  daily  consumption  of  60  gallons  per  capita,  as  well 
as  for  a  possible  leakage  by  infiltration  into  the  sewers.  The  main 
outlet  sewer  leading  into  the  receiving  reservoir  is  of  brick,  egg-shaped, 
varying  from  26  by  39  inches  to  22  by  48  inches  in  size,  and  about  2 
miles  long.  The  leakage  by  infiltration  into  the  outlet  sewer  is  esti- 
mated at  about  120,000  gallons  per  day  ordinarily,  and  in  flood  time  at 
probably  350,000  gallons. 

Inasmuch  as  there  was  no  area  available  on  which  sewage  could  be 
delivered  by  gravity,  it  was  necessary  to  raise  the  sewage  to  the  filtra- 
tion area  by  pumping.  The  force  main  provided  for  this  purpose  is 
of  24-inch  cast  iron,  16,640  feet  in  length,  and  rises  34.5  feet  from  the 
pomp  to  the  terminal  chamber. 

The  filter  area  comprises  some  30  acres,  laid  out  in  23  beds.  The 
soil  of  this  area  is  mostly  sand  for  the  depth  of  several  feet,  but  varies 
considerably  in  its  mechanical  constituents.  In  constructing  the  beds 
the  natural  material  was  not  disturbed  except  at  the  surface;  on  12  of 
them  the  sand  was  stripped  from  the  subsoil;  on  5,  a  thin  layer  of 
subsoil  has  been  allowed  to  remain,  and  6  of  the  beds  have  surfaces 
partly  of  the  top  sand  and  partly  of  subsoil.  The  general  method  of 
constructing  these  filter  areas  is  the  same  as  that  followed  elsewhere, 
and  need  not  be  especially  referred  to  at  length.  The  cost  of  the  dis- 
posal works  at  Brockton  is  stated  at  $209,772,  of  which  $59,536  was 
for  the  disposal  area  proper.  The  main  items  in  the  cost  of  the  dis- 
posal area  are  3,046  square  yards  of  grubbing  at  $2  per  yard,  amount- 
ing to  $6,092;  85,830  cubic  yards  of  excavation  in  the  filter  beds,  at 
23  cents  per  yard,  costing  $19,739;  trenching  for  and  laying  sewage- 
distributing  pipes  and  underdrains,  $12,631;  land  damages,  $9,234. 
The  balance  of  the  $59,536  is  made  up  of  miscellaneous  small  items. 

The  experience  with  the  sewage  beds  at  Brockton  has  indicated 
that  furrowed  beds  are  far  preferable  for  winter  disposal  to  flat  beds. 
During  the  winter  of  1894  several  of  the  beds  were  left  with  level  sur- 
faces, but  the  surface  froze  to  such  an  extent  on  these  as  to  prevent 
the  sewage  from  penetrating  them,  whereas  beds  which  had  been  fur- 
rowed the  preceding  fall  took  sewage  readily  during  the  entire  winter. 
Accordingly,  in  the  winter  of  1895-96  all  the  beds  in  use  were  fur- 
rowed and  no  trouble  was  experienced  during  that  season  from  freez- 
ing. The  following,  from  the  reports  of  the  city  engineer  of  Brockton, 
gives  the  average  amount  of  sewage  disposed  of  from  month  to  month 
and  its  temperature  as  it  reaches  the  beds. 
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Average  amount  and  temperature  of  eewage  received  at  Brockton  aewage^isposal  works. 


Month. 


January.. 
Febrnary 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November. 
December . 


Ganons  par  dmy. 


T«nperatare. 


1805. 


215,000 
109,000 
142,000 
250,000 
388,000 
228,000 
195,000 
273,000 
275,000 
488,000 
474,000 
525,000 


1896. 


474,000 
568,400 
648,500 
475, 100 
321,900 
881,700 
322,800 
365,900 
527,100 
600,100 
616,000 
599,000 


1805. 


OF. 
42.6 
40.6 
39.5 
42.3 
53.5 
60.1 
60.8 
64.0 
64.0 
57.0 
61.0 
48.0 


leofli 


op. 

43.5 
42.6 
42.4 
45.0 
52.1 
56.3 
59.9 
62.2 
61.0 
57.4 
54.1 
49.9 


According  to  the  report  of  the  Massachusetts  State  board  of  health 
for  1895,  the  chemical  analysis  of  the  sewage  and  effluent  from  the 
anderdrains  at  Brockton,  made  February  12, 1895,  resulted  as  follows: 
Of  the  sewage,  the  total  residue  amounted  to  84.4  parts  per  100,000,  of 
which  40.2  parts  were  dissolved  and  44.2  parts  suspended;  the  total 
loss  on  ignition  was  38  parts,  12.4  dissolved  and  25.6  in  suspension ;  the 
free  ammonia  amounted  to  3.46  parts  per  100,000;  the  total  albuminoid 
ammonia  to  0.91  part,  of  which  0.244  was  dissolved  and  0.066  part  in 
suspension;  chloride  amounted  to  9.05  parts;  nitrogen,  as  nitrates  and 
nitrites,  nil ;  the  oxygen  consumed  in  an  unfiltered  sample  was  8.56  parts 
per  100,000,  and  in  the  filtered  sample  3.12  parts  per  100,000;  the  iron 
present  in  an  unfiltered  sample  was  0.32  part,  and  in  a  filtered  sample 
0.08  part  per  100,000.    The  hardness  was  6.4. 

The  efflaent  of  the  same  date  showed  an  entire  absence  of  turbidity 
and  sediment,  while  the  sewage  was  thick  and  contained  a  heavy  black 
sediment.  On  Kessler's  scale  the  colors  showed  0.01;  the  residue  on 
evaporation  was  4  parts  per  100,000;  free  ammonia,  0.0248  part; 
albuminoid  ammonia,  0.0038;  chlorine,  0.75  part;  nitrogen  as  nitrates, 
0.045  part;  nitrites,  nil;  the  oxygen  consumed  amounted  to  0.024  part 
per  100,000;  hardness,  0.6;  and  iron  entirely  absent.  In  regard  to  this 
effluent,  it  is  proper  to  remark  that  it  is  stated  to  contain  a  large 
amount  of  ground  water. 

The*  design  at  Brockton  includes  a  number  of  refinements,  such  as 
automatic  arrangements  for  gaging  the  fiow  of  sewage,  which  are  very 
creditable  to  the  city  engineer,  Mr.  Snow,  as  well  as  to  the  municipal 
authorities  of  Brockton  in  general.  Considering  the  scientific  way  in 
which  the  work  there  has  been  started,  there  is  no  reason  why  the 
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degree  of  pnrifLcatioa  to  be  attained  should  not  be  very  high,  especially 
since  the  works  are  to  be  operated  as  intermittent  filtration  areas  only^ 
and  we  may  hope  in  the  fatnre  to  obtain  from  Brockton  further  infor- 
mation of  value  and  interest  to  all  concerned  in  works  of  sewage  dis- 
XK>8al. 

During  the  year  1896,  notwithstanding  the  additional  cost  of  consid- 
erable experimental  work,  the  total  cost  of  labor  at  disx>osal  works 
was  only  $2,195.21,  or  at  the  rate  of  $12  i>er  miUion  gallons  of  sewage 
treated.  This  sum  included  several  items,  such  as  setting  of  trees, 
grading  about  building,  and  pipe  testing,  which  were  in  the  nature  of 
X>ermanent  improvements.  Labor  expended  on  surface  of  beds  amounted 
to  $932.03;  for  tending  gates,  $254.98;  and  for  removing  snow,  $51.04; 
a  miscellaneous  item  of  $295.40,  and  a  few  others  making  up  the  remain- 
der. Probably  where  these  works  are  more  fully  established  the  cost 
of  a  treatment  which  yields  a  very  fair  effluent  will  not  exceed  $7  or 
$8  per  million  gallons  treated;  or,  taking  into  account  the  value  of  the 
crops  raised,  the  works  will  be  about  self-sustaining. 

In  his  annual  report  for  1896  Mr.  Snow  has  given  a  considerable 
amount  of  interesting  information  as  to  the  operation  of  the  Brockton 
plant.  From  this  report  it  is  learned  that  a  variety  of  crops  was 
planted  on  the  beds  receiving  both  sewage  and  sludge,  such  as  pease, 
beans,  tomatoes,  sweet  com,  cabbages,  and  turnips.  Some  of  the  con- 
clusions derived  from  last  year's  experience  are  as  follows :  Pease  and 
beans  it  is  considered  will  do  best  if  planted  on  level  beds  rather  than 
on  mounds.  The  pea  crop  last  year  was  successfxil,  one  of  the  leading 
hotels  of  Brockton  taking  the  entire  product.  Beans  are  stated  to  have 
fiuled.  Sweet  corn,  which  takes  a  large  amount  of  sewage  and  demands 
but  little  attention,  should  be  planted  4  feet  between  rows  and  in  hills 
3  feet  apart  in  the  rows.  Cabbage  requires  more  care  than  sweet  corn, 
and  when  sludge  is  applied  to  the  surface  of  the  bed  the  same  must  be 
irrigated  as  though  the  bed  were  not  cropped.  It  is  considered  that 
on  a  coarse  sand  or  gravel  soil  with  a  level  surface  turnips  should 
receive  large  doses  of  sewage,  while  with  heavier  soil  small  doses  and 
a  ridged  surface  will  give  the  best  results.  Turnips  appear  to  require 
considerable  moisture  during  the  first  growth  and  but  little  after  the 
root  is  formed.  Six  beds  were  planted  with  field  com  on  May  10.  The 
crop  was  cultivated  on  June  1,  and  again  about  July  1,  with  a  horse 
hoe.  All  the  beds  did  well,  the  yield  of  one  amounting  to  144  bushels 
of  ears  x>er  acre,  or  about  70  bushels  of  shelled  com.^ 

Oardner. — ^Tbis  place  is  a  manufacturing  town,  situated  in  the  central 
part  of  the  State,  on  a  divide  between  the  Connecticut  and  Merrimac 
rivers.  The  population  in  1890  was  8,424.  A  sewage-disposal  plant  by 
Intermittent  filtration  was  constructed  in  1891,  in  conformity  with  plans 
approved  by  the  Massachusetts  State  board  of  health.    This  board 

iBafer  to  Ann.  Repts.  of  City  Sng.  of  Brockton;  Kepts.  Kaa«.  St.  Bd.  of  Health;  and  varioas 
artldea  in  Eng.  News. 
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required  sewage  parification  at  Gardner,  because  turning  sewage  into 
the  only  available  water  course  would  probably  create  a  nuisance.  The 
tract  purchased  by  the  town  for  the  disposal  area  contained  about  17 
acres  of  sand  and  gravelly  soil.  Much  of  the  material  is  too  fine  for 
efficient  filtration.  This  was  overcome  by  making  filter  beds  largely 
artificial,  they  being  formed  of  selected  porous  sand  and  gravel  from 
the  material.  At  present  there  are  twelve  thoroughly  underdrained 
filter  beds,  with  a  total  area  of  1.04  acres,  two  supplementary  beds  not 
underdrained  and  with  a  total  area  of  0.37  acre,  also  two  other  small 
underdrained  beds,  containing  altogether  0.14  acre.  One  of  the  small 
beds  is  used  to  receive  sludge  from  the  sludge  tank. 

The  filter  beds  at  Gardner  are  smaller  than  those  used  at  Marlboro, 
Framingham,  and  other  places  in  Massachusetts,  described  further  on. 
The  sewage  is  delivered  ui>on  the  beds  by  troughs,  and  each  bed  is 
provided  with  an  overflow  to  prevent  washing  away  the  banks  in  case 
the  sewage  should  at  any  time  rise  too  high. 

The  results  obtained  at  Gardner  are  said  to  be  satisfa>ctory  in  sum- 
mer, but  in  winter  the  area  is  too  small  for  efficient  filtration,  a  diffi- 
culty which  can  be  remedied  by  providing  a  larger  area.  The  sewage 
reaches  the  filter  area  during  the  winter  at  a  temperature  not  much 
above  40©  F. 

The  cost  of  preparing  beds  with  piping  was  about  12  cents  x>er  square 
foot  of  area.  The  total  cost,  including  tanks  and  accessories,  was  about 
14  cents  per  square  foot  of  filter  areas.  ^ 

Oreenfield. — This  place  had  a  population  in  1890  of  5,252.  Sewage  has 
becD  used  for  irrigation  upon  a  meadow  owned  by  a  private  party  since 
1882.  As  originally  designed,  the  sewage  was  systematically  dis- 
tributed over  the  meadow,  but  during  the  last  few  years,  since  the 
death  of  the  former  owner,  apparently  but  little  effort  at  such  distribu- 
tion has  been  made.  In  consequence,  recent  statements  at  hand  indicate 
that  the  sewa;;e  has  caused  a  nuisance. 

Lenox. — This  place  had  a  population  in  1890  of  2,889.  A  combined 
system  of  subsurface  and  surface  irrigation,  preceded  by  tank  sedimen- 
tation, was  adopted  in  1876,  at  which  time  the  population  was  probably 
somewhat  less  than  2,000.  The  total  area  originally  employed  was  only 
about  1^  acres.  In  October,  1888,  a  new  subsurface-disposal  area  was 
placed  in  operation,  which,  however,  did  not  cover  the  whole  17  acres 
purchased.  As  to  recent  results  no  information  is  at  hand.  Lenox 
enjoys  the  distinction  of  being  the  first  town  in  Massachusetts  to  con- 
struct sewage-disposal  works.^ 

Marlboro, — Population  in  1890,  13,806.  The  city  is  situated  on  the 
dividing  ridge  between  the  Sudbury  and  Assabet  rivers.  The  greater 
part  of  the  drainage,  however,  naturally  flows  into  Sudbury  Biver, 

>  Befer  to  Twenty -foarth  Ann.  Bept  Mass.  St.  Bd.  Health.  1892 ;  Sewage  Dispoaal  in  the  United  States, 
1894;  and  Eng.  News,  Vol.  XXIX,  Feb.  16, 1893. 

*  Befer  to  Twenty-flfth  Ann.  Bept.  Kass.  St.  Bd.  Health;  Sewage  Disposal  in  the  ITnited  States; 
and  Sng.  News,  Vol.  XXVni,  Jnly  14  and  21, 1882. 
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from  which  Boston  takes  a  portion  of  its  water  sapply.  The  city  of 
Boston,  therefore,  had  a  direct  interest  in  so  disposing  of  the  Marlboro 
sewage  as  to  leave  the  Sndbory  Biver  nnpollnted,  and,  after  some 
negotiations,  agreed  to  pay  $62,000  toward  constmctiDg  the  sewage- 
disposal  plant.  The  sewage  flows  to  the  disposal  fields  by  gravity. 
The  total  area  purchased  by  the  city  is  62  acres,  upon  which  forty-four 
beds  for  the  filtration  of  sewage  and  six  similar  beds  for  sludge  dis- 
posal, all  covering  with  their  dividing  embankments  a  total  area  of 
about  37  acres,  have  been  laid  out.  Thus  far  four  sludge  beds  and 
thirteen  sewage  beds,  or  a  total  of  about  11.3  acres,  have  been  pre- 
pared for  use.  The  material,  which  is  for  the  most  part  a  somewhat  fine, 
porous  sand  with  an  effective  size  of  0.12  to  0.14  millimeter,  has  been 
thoroughly  underdrained  by  means  of  parallel  lines  of  4- inch  pipes 
laid  with  ox>en  joints  50  feet  apart  and  about  6  feet  beneath  the  surface. 
Filter  beds  were  prepared  for  use  by  the  removal  of  the  top  loam  and 
the  leveling  of  the  surface  of  each  at  a  convenient  elevation. 

The  principal  industry  at  Marlboro  is  the  manufacture  of  boots  and 
shoes;  and,  aside  from  the  wastes  of  the  manufacturing  establishments, 
the  sewage  is  ordinary  city  sewage,  varying  in  strength  with  the 
amount  of  ground  water  entering  the  sewers,  which  were  constructed 
on  the  separate  system.  Ko  underdrains  were  laid  beneath  the  sewers, 
and  during  wet  seasons  a  large  amount  of  ground  water  gains  access 
to  them  through  the  joints.  The  total  length  of  sewers  laid  to  the  end 
of  1895  was  a  trifle  over  22  miles.  The  amount  of  sewage  is  not  defi- 
nitely known.  A  measurement  on  May  12, 1892,  indicated  about  30,000 
gallons  per  day;  on  May  25,  1892,  after  heavy  rains,  the  flow  was 
790,000  gallons  per  day.  I^o  attempt  has  thus  far  been  made  to  raise 
crops  on  the  filter  areas. 

The  results  obtained  in  purification  have  been  satisfactory;  over 
95  i>er  cent  of  the  organic  matter,  as  represented  by  the  albuminoid 
ammonia,  having  been  removed.  The  winter  temperature  of  the  sew- 
age as  it  reaches  the  fields  is  from  39^  to  42^  F.  The  winter  experience 
indicates  that  the  beds  work  much  better  when  ridged — as  seen  in  PI.  lY, 
showing  the  filter  areas  at  Pawtucket,  Bhode  Island — than  when  left 
level. 

It  has  not  been  the  custom  to  employ  a  man  constantly  in  caring 
for  the  sewage  disposal,  but  6nly  from  time  to  time  as  required  to 
change  the  flow  of  sewage  and  to  remove  scum  from  the  snrlace  of  the 
beds,  etc.,  payment  being  made  by  the  hour  for  the  time  actually  con- 
sumed. The  cost  of  all  work  on  account  of  the  disposal  plant  during 
the  year  1893  amounted  to  $497.19.  There  seems  to  be  no  doubt, 
therefore,  if  the  amount  of  labor  was  sufficient,  that  the  town  could 
recoup  itself  for  the  expenditure  by  preparing  more  beds  and  raising 
crops  thereon.^ 

>Befer  to  Twenty -foarth,  Twenty-fifth,  and  Twenty-seventh  Ann.  Kepts.  Maes.  St.  Bd.  Health; 
Sewage  Disposal  in  the  United  States;  and  £ng.  News,  Vol.  XXVm,  Aug.  25, 1892. 
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Ooncardy  M^issachusetts  Reformatory. — ^The  sewage  of  this  institatioii 
was  originally  discharged  into  the  Assabet  Biyer  at  a  point  near  the 
institution,  but  in  1883  an  act  was  passed  by  the  Massachusetts  legis- 
ture  authorizing  an  expenditure  of  a  sum  not  exceeding  $5,000  for  the 
disposal  of  the  sewage  by  some  other  method.  The  plans  adopted 
include  arrangements  for  pumping  the  sewage  upon  an  adjacent  field, 
where  it  is  used  in  broad  irrigation  of  grass  and  com  crops,  as  well  as 
other  tilled  crops  to  some  extent.  The  soil  of  this  field  is  light,  free, 
and  sandy,  with  the  ground  water  at  a  considerable  depth  below  the 
surface.  Portable  troughs  are  used  for  distributing  the  sewage  to 
different  parts  of  the  field. 

The  labor  is  all  done  by  convicts.  Assuming  a  fair  valuation  for  the 
labor  actually  used  under  normal  conditions  of  employment,  we  have 
the  following  as  the  approximate  annual  cost  of  operation :  55  tons  soft 
coal,  at  $4,  $220 ;  salary  of  attendant,  $600 ;  repairs  and  sundries,  $80 ; 
total,  $900.1 

Medfield. — Population  in  1890,  1,493.  Sewers  and  sewage&isposal 
works  were  constructed  in  1886,  the  sewage  disposal  including  pre- 
liminary  sedimentation  and  upward  filtration  through  excelsior  supple- 
mented by  intermittent  filtration  through  natural  soil.  The  material 
of  the  filter  area  is  mostly  coarse  gravel,  with  ground  water  about  10 
feet  below  the  surfaces  of  the  beds,  which  are  underdrained.  There 
are  four  beds  which,  as  a  general  rule,  take  the  sewage  in  turn  for  two 
days.  The  filter  area  consists  of  1  acre  of  ground,  graded  nearly  level. 
The  entire  cost  of  the  disposal  works,  including  cesspool,  pipe  from 
cesspool  to  outlet,  earthwork,  engineering,  superintendence,  and  profit 
to  contractor,  was  about  $1,000.  The  annual  expense  of  maintenance 
is  stated  at  about  $30  a  year,  the  labor  being  chiefly  to  change  regu- 
larly the  gate  whereby  the  sewage  is  diverted  from  one  portion  of  the 
filtration  area  to  another. 

Analyses  of  the  effluent  from  the  Medfield  area,  made  in  October, 
1893,  showed  that  the  quality  was  still  quite  as  good  as  indicated  by 
analyses  made  when  the  works  were  first  operated  in  1887.* 

Myotic  Valley. — ^These  works,  which  are  operated  by  chemical  pre- 
cipitation purely,  were  constructed  in  1887  and  1888  by  the  city  of 
Boston  in  order  to  protect  the  Upper  Mystic  Lake,  whence  the  water 
supplies  of  the  Gharlestown  district  o^  the  city  of  Boston  and  of  the 
towns  of  Chelsea,  Everett,  and  Somerville  are  derived. 

Near  the  head  of  Upper  Mystic  Lake,  in  Winchester  and  Wobnm, 
there  are  about  a  dozen  tanneries,  the  drainage  firom  which  formerly 
passed  directly  into  the  lake,  which  was  also  considerably  polluted  by 
house  drainage  flowing  into  the  Abbajona  Eiver,  the  influent  stream  of 
Mystic  Lake.  In  1878  a  sewer  was  constructed  intercepting  all  this 
objectionable  drainage  and  delivering  it  into  Lower  Mystic  Lake,  which 


I  Befer  to  Sey«nth  Ann.  B«pt.  Mass.  St.  Bd.  of  Health,  Lonaoy,  and  Charity,  Snpplement,  1886. 
*  Refer  to  Nineteenth  Ann.  Kept.  Maaa.  St.  Bd.  Health ;  Joor.  Asaoo.  Bng.  Sooa.,  VoL  VII,  July,  1888 » 
nd  Bng.  and  Bldg.  Becd.,  VoL  XVIII,  1888. 
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is  sabject  to  tidal  action.  Its  delivery  there,  however,  led  to  contro- 
versies between  the  adjoining  towns  and  the  city  of  Boston,  which 
were  finally  settled  by  the  construction  of  the  Mystic  Valley  Chemical 
Purification  Works.  Inasmuch  as  the  chief  object  of  these  works  was 
to  purify  manufacturing  wastes,  they  may  easily  be  placed  first  among 
successful  works  of  this  character.  A  general  view  of  the  works  is 
given  in  fig.  1  of  Water-Supply  and  Irrigation  Paper  No.  3. 

The  works  consist  in  detail  of  a  pump  well,  connected  with  the  main 
sewer  by  a  branch  sewer  of  brick,  a  sewage  pump  and  engine,  engine 
bouse,  four  settling  tanks,  a  sludge  well,  sludge  phmp,  and  a  series  of 
settling  basins  for  receiving  the  sludge.  In  the  engine  house  there  are 
three  vats  so  arranged  that  the  precipitant  is  fed  from  the  middle  vat, 
which  is  placed  lower  than  the  other  two,  in  which  the  precipitant  is 
dissolved.  These  vats  are  provided  with  steam  coils  for  heating  the 
water  used  and  with  a  stirring  apparatus  driven  by  the  engine.  The 
precipitant  is  fed  to  the  sewage  as  it  flows  from  the  branch  sewer  into 
the  pump  well,  where  the  process  of  pumping  thoroughly  incorporates 
the  chemicals.  From  the  pump  the  sewage  passes  into  the  settling' 
tanks.  It  is  then  allowed  to  remain  quiescent  for  about  three  hours, 
when  it  is  found  that  the  sedimentation  process  is  complete.  The  clar- 
ified effluent  is  then  drawn  off  by  removing  stop  planks.  The  sludge  is 
pumped,  as  necessary,  into  a  flume  which  conveys  it  to  the  sludge 
basins  shown  in  fig.  1  of  Water-Supply  and  Irrigation  Paper  No.  3. 

The  cost  of  the  works,  including  the  preparation  of  the  sludge  basins, 
was  $10,410. 

For  the  thirteen  months  ending  January  31, 1802,  the  total  quantity 
of  sewage  pumped  and  treated  was  133,102,028  gallons.  Sulphate  of 
alumina  is  used  as  the  precipitant,  and  during  this  period  the  total 
quantity  consumed  was  331,890  pounds;  the  amount  of  coal,  210.7  tons. 
The  quantity  of  sludge  removed  during  the  same  x>6riod  was  2,334  cubic 
yards,  which  was  mostly  carted  away  by  a  neighboring  farmer  for  fer- 
tilizer. The  rate  of  application  of  participant  was  1  part  to  3,354  parts 
of  sewage  or  1.24  net  tons  per  1,000,000  gallons  of  sewage. 

The  operation  of  this  plant  by  the  city  of  Boston  ended  July  18, 1896, 
at  which  time  the  Metropolitan  Sewage  Gommission  assumed  control  of 
it.  From  January  1  to  July  18, 1895,  the  average  daily  amount  of 
sewage  pumped  and  treated  was  376,400  gallons,,  requiring  143,540 
pounds  of  sulphate  of  alumina.  The  Metropolitan  Commission  has 
made  the  Mystic  Valley  sewer  a  part  of  the  Metropolitan  sewerage 
system  and  discontinued  the  chemical  treatment.  The  first  annual 
report  of  the  Metropolitan  water  commissioner  for  the  year  ending 
January  31, 1896,  states  that  this  plant  required  the  service  of  about  14 
men  to  operate  it,  and  that  its  discontinuance  removes  an  annual 
expense  of  about  $20,000.' 

'Befer  to  annaal  reporta  Boeton  Waterworks;  First  Ann.  Rept.  Met.  Water  Com.;  Sewage  Dis- 
posal in  the  United  States;  a  paper  by  W.  F.  Lamed  in  Jour.  Assoo.  Eng.  Socs.  for  June,  1888;  and 
£ng.  and  Bldg.  Becd.,  VoL  XTX,  1889. 
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NaUck. — ^Natick  is  about  17  miles  from  Boston,  on  the  Boston  and 
Albany  Bailroad,  and  had  in  1890  a  population  of  9,118.  A  public  water 
supply  has  been  in  use  since  1874.  In  1885  Eliot  O.  Clark,  engineer 
to  the  Massachusetts  drainage  commission,  recommended  that  a  joint 
sewage-disposal  system  be  built  for  the  towns  of  Natick,  Framingham, 
and  Ashland,  and  for  the  Sherborn  Prison,  situated  a  short  distance 
from  South  Framingham,  the  principal  village  in  Framingham  town, 
with  disposal  on  a  gravelly  and  sandy  area,  which  has  since  been 
selected  by  Framingham  and  Natick  for  this  purpose.  Mr.  Clark's  idea 
was  that  these  several  towns  and  the  public  institution  should  act  in 
concert,  but,  unfortunately,  the  difficulty  of  reconciling  local  differences 
prevented  the  adoption  of  his  scheme.  The  two  towns  of  Framingham 
and  Natick  have,  however,  acted  separately  in  utilizing  the  area  selected 
by  Mr.  Clark.  Framingham  completed  its  sewerage  and  sewage- 
disposal  system  in  1889,  while  the  Natick  syst^em  was  put  in  operation 
only  during  the  year  1896. 

The  indifference  of  Natick  as  to  sewage  purification  has  been  for  a 
number  of  years  particularly  flagrant  by  reason  of  the  flow  of  a  con- 
siderable portion  of  the  town  sewage  into  Pegau  Brook,  a  tributary  of 
Lake  Cochituate,  one  of  the  mala  sources  of  the  Boston  water  supply. 
Kegotiations  have  been  had  between  the  city  of  Boston  and  Natick 
looking  to  purification  of  this  sewage,  but  without  effect.  Finally,  a 
few  years  ago,  the  city  of  Boston  constructed,  at  its  own  expense,  on  a 
sandy  plateau  acUacent  to  the  lake,  a  filter  area  upon  which  the  ordi- 
nary flow  of  Pegan  Brook  was  diverted  and  purified  by  intermittent 
filtration.  Some  portion  of  the  flood  flow  of  the  brook  has,  however, 
necessarily  gone  into  the  lake  whenever  heavy  rains  occurred. 

The  construction  of  the  Natick  works  began  in  1895,  under  the  direc- 
tion of  Samuel  M.  Gray  as  engineer.  The  detailed  plans  prepared  by 
him  provide  for  bringing  the  sewage  by  gravity  to  a  pumping  station 
through  a  30-inch  circular  brick  sewer  and  24-inch  cast-iron  pipe  with 
lead  joints.  The  24-inch  pipe  is  used  where  the  main  sewer  passes  near 
the  head  of  Lake  Cochituate,  in  order  to  prevent  any  possible  leakage 
into  that  body  of  water. 

The  pumping  station  is  provided  with  a  screen  chamber,  receiving 
gallery,  storage  reservoir,  pump  wells,  etc.,  and  the  usual  accessories 
of  such  a  plant.  According  to  a  statement  made  by  Mr.  Gray,  when 
the  sewage  reaches  the  screen  chamber  it  passes  through  iron  bars 
placed  three-quarters  of  an  inch  apart,  after  which  it  may  be  "turned, 
as  desired,  either  into  reservoirs  for  storage  or  into  a  pump  well,  from 
which  it  may  be  raised  directly  to  the  filter  areas.  In  this  latter 
arrangement  the  pump  can  be  regulated  to  take  the  fiow  as  it  comes, 
thereby  saving  the  lift  which  would  otherwise  be  necessary  if  it  went 
to  the  reservoir.  The  total  capacity  of  the  reservoir  is  500,000  gal- 
lons. The  intention  is  that  the  nigfat  and  Sunday  flow  be  stored  in  the 
reservoir. 
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The  sewage  is  delivered  to  the  filter  areas  through  8,000  feet  of 
16-inch  cast-iron  force  main,  laid  on  a  grade  thronghont  its  entire 
length,  for  the  purpose  of  permitting  the  contents  to  flow  entirely 
back  into  the  pamp  well  in  case  it  becomes  necessary  to  clean  the 
interior  surface  of  this  pipe* 

The  tract  of  land  appropriated  for  the  disposal  works  was  originally 
covered  with  a  small  growth  of  wood  brash.  The  soU  is  sandy  and 
generally  well  adapted  to  filtration,  although  there  are  thin  layers  of 
sandy  clay  in  some  of  the  beds  which,  as  Mr.  Gray  believes,  will  make 
it  necessary  to  lay  underdrains.  The  effluent  from  the  underdrains 
will  be  discharged  into  a  small  stream  which  enters  the  Sudbury 
Biver  below  the  outfet  of  Lake  Oochituate.  It  will  be  noticed,  there- 
fore, that  the  sewage,  as  well  as  the  effluent,  is  entirely  diverted  from 
Lake  Oochituate,  in  the  same  way  as  in  the  neighboring  town  of  Fram- 
Ingham. 

The  entire  plant  as  designed  includes  the  preparation  of  12  acres  of 
filters  to  be  underdrained  with  3-inch  tile,  laid  on  a  grade  of  2  feet  in 
a  hundred,  in  lines  36  feet  apart.  The  work  in  1895  included  the 
preparation  of  2  filter  beds  of  1  acre  each,  from  which  the  underdrains 
were  omitted.    Another  bed  was  completed  in  1896  with  underdrains.^ 

Norfolk  County  JaiL-^ThiB  institution  has  a  land  disposal  plant  of 
some  sort,  particulars  of  which,  however,  are  not  at  hand. 

North  Brookfield, — ^The  village  of  North  Brookfield  is  situated  in  the 
town  of  Spencer,  in  which  a  water  supply  was  introduced  in  1883.  The 
X>opulation  of  the  whole  town  in  1890  was  8,747,  having  increased  from 
7,466  in  1880.  North  Brookfield  proper,  however,  has  a  population  of 
only  about  3,000,  which  can  be  ultimately  connected  with  the  main 
sewer  as  built  in  1893,  when  sewage-disposal  works  were  also  built,  the 
system  adopted  being  that  of  broad  irrigation.  According  to  a  state- 
ment of  Mr.  Craig,  the  supervising  engineer  of  the  work,  published  in 
the  Engineering  News  of  March  22, 1894,  it  would  appear  that  there 
are  about  20  acres  of  a  farm  owned  by  the  town  which  is  well  adapted 
to  broad  irrigation,  the  soil  being  naturally  very  light  and  dry,  and  not 
yielding  heavy  crops  under  ordinary  methods  of  farming.  In  order  to 
reach  the  highest  point  of  this  area  it  was  necessary  to  employ  an 
inverted  siphon  about  1,600  feet  in  length,  which  has  been  successfully 
constructed  and  operated,  and  a  profile  of  which  may  be  seen  in 
Engineering  News  at  the  place  indicated. 

This  sewage  farm  was  first  in  working  order  in  November,  1893,  and 
no  statements  as  to  the  results  of  broad  irrigation  are  yet  at  hand.  It 
is  considered,  however,  that  with  the  favorable  soil  of  the  locality  very 
satisfactory  results  may  be  attained.  This  farm  is  also  interesting  as 
being  very  inexpensive,  the  total  cost  of  the  entire  system  of  sewers^ 
including  flush  tanks,  screen  chamber,  and  labor  necessary  in  prepar- 
ing the  fSeurm,  being  only  $9,700.  The  sewage  is  first  received  in  a 
storage  tank,  from  which  it  is  discharged  intermittently  to  the  farm. 

1  Biefer  to  Bng.  News,  Vol.  XXXV,  June  4, 1899. 
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Began  Brook. — Some  general  statements  in  regard  to  the  filter  areas 
constracted  for  the  purpose  of  exclnding  from  Lake  Cochitnate  the  raw 
sewage  of  Natick,  which  previous  to  the  construction  of  the  !Natick 
sewage-disposal  works  flowed  into  Pegan  Brook  and  thence  directly 
into  the  lake,  have  been  made  in  discussing  Natick  (pp.  50-^1),  and  a  few 
detailed  statements  may  now  be  added.  The  filter  areas  are  three  in 
number,  constructed  by  removing  the  soil  and  placing  it  in  embank- 
ments 5  feet  high  around  and  between  the  beds.  The  filter  material, 
to  the  depth  of  8  feet,  is  mostly  sand,  about  as  fine  as  ordinary  plaster 
sand.  The  three  beds  are  about  2,  0.75,  and  1.25  acres,  respectively. 
Their  elevations  are  140,  144,  and  146.8  feet  above  the  waterworks 
datum,  134.4  feet  being  the  elevation  of  low  water  in  the  lake.  The 
lowest  bed,  with  an  area  of  about  2  acres,  is  not  underdrained.  Water 
percolates  freely  through  the  sand,  which  is  stated  to  be  excellent 
filter  material.  XJnderdrains  about  100  feet  apart  and  8  feet  deep  are 
laid  beneath  the  upper  beds.  They  consist  of  8-inch  vitrified  tile  pipe, 
laid  with  open  joints  wrapped  with  canvas.  The  underdrains  were 
chiefly  deigned  in  order  that  samples  of  the  effluent  may  be  obtained 
for  examination.  An  earth  dam  for  diverting  the  water  of  the  brook 
onto  the  Alter  beds  and  a  pumping  plant  were  included  in  the  plans. 
The  entire  cost  is  stated  at  $12,585.11. 

The  Pegan  Brook  filters  are  of  special  interest,  because,  so  flEur  as 
known,  they  are  the  first  filter  areas  ever  constructed  for  the  filtration 
of  a  polluted  feeder  to  a  natural  lake  which  is  the  source  of  a  public 
water  supply.  There  may  possibly  be  some  such  arrangement^  in  use 
abroad,  but  certainly  this  is  the  first  plant  constructed  for  sueh  purpose 
in  the  United  States.^ 

Walthamj  School  for  the  Feeble-Minded. — ^An  intermittent  subsur&ce 
irrigation  or  filtration  plant  was  constructed  at  this  State  institution 
about  1890.  In  1893  permission  was  granted  to  connect  the  sewers  of 
the  school  with  the  sewerage  system  of  the  city  of  Waltham,  since 
which  time  it  is  understood  that  the  disposal  area  has  been  out  of 
service. 

Sherbom  Brison. — A  number  of  years  ago  arrangements  were  made 
for  disposing  of  the  sewage  of  this  State  institution  by  subsurface 
irrigation.  Information  as  to  the  extent  and  success  of  the  project  is 
not  at  hand.    The  works  are  believed  to  be  out  of  use. 

South  Framingham. — ^The  sewage-disposal  works  at  South  Framing- 
ham,  Massachusetts,  are  of  considerable  interest  as  involving  both 
broad  irrigation  and  intermittent  filtration,  and  also  because  real  prog- 
ress has  been  made  here  in  raising  crops  on  filter  beds.  Unfortunately, 
at  South  Framingham,  as  well  as  at  about  all  the  other  sewage  fiums 
in  the  United  States,  no  one  has  yet  attempted  to  keep  statistics  as 
to  the  daily  flow  of  sewage,  the  amount  applied,  and  other  important 
facts,  data  which  must  be  at  hand  before  definite  conclusions  can  be 

1  Refer  to  Ann.  Bept.  Boston  Waterworks  for  1893,  and  Eng.  and  Bldg.  Heoord,  Vol.  XXIX,  Apr. 
1894. 
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drawn  as  to  the  efficiency  of  the  process  at  any  ^ven  point.  In  favor 
of  Sonth  Framingham  it  may  be  said  that  the  cropping  on  the  filter 
beds  has  been  very  successfdl,  bat  as  the  results  have  been  referred 
to  on  page  43  of  Water-Supply  and  Sewage  Irrigation  Paper  No.  3,  a 
farther  account  here  is  unnecessary.^ 

WeUesley  College. — Previous  to  18d2  the  sewage  was  mostly  disposed 
of  by  passing  it  through  small  and  imperfect  artificial  filters  of  peat 
and  gravel,  but,  as  tbe  results  were  unsatisfactory,  new  works  were 
constructed  in  that  year  for  treatment  by  intermittent  filtration. 
Additions  to  the  works  were  made  in  1893.  The  sewage  to  be  treated 
is  that  of  about  500  persons,  for  which  purpose  a  filtration  area  of  1.55 
acres  has  been  provided.^ 

Wesibaro, — Population  in  1890,  5,195.  Construction  of  a  sewerage 
system  began  in  1891.  About  33  acres  of  land  located  on  the  right 
bank  of  the  Assabet  Biver  have  been  acquired  by  the  town  for  sewage- 
disposal  purposes,  nearly  one-half  of  which  may  be  classed  as  either 
swamp  or  meadow,  subject  to  flooding  at  times  of  high  water.  The 
sewage  is  conducted  to  a  settling  tank  on  the  disposal  area,  built  in 
two  compartments,  with  a  total  capacity  of  less  than  1,000  gallons. 
Two  filter  beds,  with  a  total  area  of  a  little  over  2  acres,  were  prepared 
in  1892  by  stripping  off  most  of  the  loam  and  filling  with  coarse  gravel, 
the  material  beneath  being  a  fine  compact  sand  nearly  impervious  to 
water.  The  information  at  hand  indicates  that  this  plant  has  not 
worked  well.* 

Worcester. — ^To  show  the  relative  degree  of  purification  obtained  by 
chemical  processes  of  treatment  in  comparison  with  intermittent  filtra- 
tion and  irrigation  processes,  brief  reference  may  be  made  to  the  results 
obtained  by  the  works  at  Worcester,  Massachudetts,  which  may  be 
considered  not  only  the  best  example  of  a  chemical-purification  plant 
on  a  large  scale  thus  far  completed  in  the  United  States,  but  which,  in 
the  opinion  of  those  competent  to  judge,  is  as  good  an  example  of  this 
method  of  purification  as  can  be  found  anywhere.  The  fact  that  it  has 
not  been  successful  in  entirely  mitigating  the  pollution  of  the  Black- 
stone  Eiver,  into  which  the  effluent  from  the  Worcester  works  flows, 
must  be  attributed  to  inherent  difficulties  of  the  chemical  process,  and 
not  to  any  lack  of  proper  application  of  that  process  at  Worcester. 
Indeed,  the  author  takes  pleasure  in  saying  that  after  having  examiped 
the  large  purification  works  abroad,  as  well  as  a  greater  portion  of 
those  in  this  country,  he  has  nowhere  seen  a  better  example  of  the 
chemical  treatment,  pure  and  simple,  than  that  at  Worcester. 

According  to  the  rex>ort  of  the  superintendent  of  sewers  for  the  year 
1895,  it  appears  that  in  1894,  as  an  average,  these  works  removed  49.35 
per  cent  of  the  total  amount  of  organic  matter  present  in  the  sewage 
as  determined  by  evaporation;  of  the  amount  in  suspension,  94.45  per 

'Bflftt  toBeport  of  Com.  on  Drain,  and  Sew.,  etc.,  Nov.,  1888;  MTeral  arUolM  in  Eng.  News;  and 
Sewage  Dispoeal  in  the  United  Statee. 
sfieliBr  to  Twcnty-flltti  Ann.  Bept  Haas.  St  Bd.  Health,  1898. 
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cent  was  removed;  of  the  total  amoant,  based  on  the  albuminoid 
ammonia,  50.79  per  cent  was  removed;  of  the  amount  in  suspension, 
based  on  the  albuminoid  ammonia,  89.54  per  cent  was  removed;  the 
total  amount  by  oxygen  consumed  was  43.84  per  cent,  and  the  amount 
in  suspension  by  oxygen  consumed  81.08  per  cent. 

Experience  at  Worcester  indicates  that  different  percentages  were 
removed  in  the  various  seasons,  as,  for  instance,  in  1894  the  total  per 
cent  of  organic  matter  removed  from  the  sewage  as  an  average,  from 
July  to  December,  was,  by  evaporation,  55.02  per  cent;  the  amount 
in  suspension,  also  by  evaporation,  95.76  per  cent;  the  total  amount  of 
albaminoid  ammonia,  53.78  per  cent;  the  total  amount  by  suspension 
in  albuminoid  ammonia,  94.36;  total  amount  by  oxygen  consumed, 
50.23  per  cent;  the  amount  in  suspension  by  oxygen  consumed,  92.42 
per  cent. 

From  December  to  July  the  total  amount  of  organic  matter  removed 
by  evaporation  was  42.76  per  cent;  amount  in  suspension,  93.08;  total 
amount  by  albuminoid  ammonia,  46.63  per  cent;  amount  in  suspension 
by  albuminoid  ammonia,  83.26;  total  amount  by  oxygen  consumed, 
37.11;  amount  in  suspension  by  oxygen  consumed,  89.27  per  cent. 

The  average  analyses  of  the  sewage  for  the  year  ending  December  1, 
1895,  were  as  follows:  Free  ammonia,  1.16  parts  per  100,000;  total 
albuminoid  ammonia,  0.518  part;  dissolved  albuminoid  ammonia,  0.249 
part;  suspended,  0.270  part.  The  oxygen  consumed  in  unfiltered 
sewage  was  5.27  parts  and  in  filtered  sewage  2.91  parts  per  100,000, 
and  the  chlorine,  5.98  parts.  The  average  of  the  effluent  for  the  same 
year  was:  Free  ammonia,  1.008  parts;  total  albuminoid  ammonia, 0.252 
part,  of  which  0.228  part  was  dissolved,  0.024  part  suspended.  In 
unfiltered  effluent  the  oxygen  consumed  amounted  to  2.4  parts  and  in 
filtered  effluent  2.27  parts,  and  the  chlorine  to  5.92  parts  per  100,000. 
Taking  the  purification  by  percentage  actually  removed,  we  have,  for 
the  free  ammonia,  13.02  per  cent;  total  albuminoid  ammonia,  51.63  per 
cent;  dissolved  albuminoid  ammonia,  8.43  percent;  suspended  albumi- 
noid ammonia,  91.11  per  cent;  oxygen  consumed,  total,  54.35;  in  solu- 
tion, 21.99 ;  *  chlorine,  1.05  per  cent.  It  will  be  noticed  that  the  chemical 
process  only  moderately  touches  the  free  ammonia  and  the  dissolved 
albuminoid  ammonia. 

The  works  at  Worcester  were  constructed  chiefly  because  of  serious 
complaints  on  the  Blackstone  Biver  as  to  the  pollution  caused  by  the 
Worcester  sewage,  which  originally  flowed  into  the  stream  in  a  raw 
state.  The  following  gives  the  mean  of  a  series  of  analyses  of  the 
stream  as  made  by  the  Massachusetts  State  board  of  health  in  1895: 
Color  on  Nessler's  scale,  0.71  part  per  100,000;  total  residue  on  evap- 
oration, 22.15;  loss  on  ignition,  5.18;  free  ammonia,  0.3246  part  per 
1(K),000;  total  albuminoid  ammonia,  0.0898  part,  of  which  0.0597  part 
was  dissolved  and  0.0301  part  was  suspended;  chlorine,  1.86  parts; 
nitrogen  as  nitrates,  0.0267  part;  nitrogen  as  nitrites,  0.0063  part;  hard- 
ness, 7.3. 
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In  considering  these  results  it  should  be  remembered  that  the  sew- 
erage system  of  the  city  of  Worcester  is  a  combined  system,  and  that 
frequently  at  the  time  of  heavy  rains  a  considerable  portion  of  the 
sewage  flows  into  the  Blackstone  River  entirely  witftout  treatment. 
The  information  in  regard  to  the  Worcester  works  is  too  extensive  to 
be  given  in  detail  here.  It  may  be  found  in  the  several  annual  reports 
of  the  city  engineer  and  the  superintendent  of  sewers  of  the  city  of 
Worcester,  and  also  in  the  reports  of  the  Massachusetts  State  board  of 
health.  . 

The  litigation  between  the  city  of  Worcester  and  the  town  of  Mill- 
bury,  a  few  miles  down  the  river,  on  account  of  the  x>ollution  of  the 
Blackstone  Biver,  may,  however,  be  briefly  mentioned  by  reason  of  its 
being  the  most  extensive  of  legal  proceedings  involving  stream  x)ollu- 
tiou  thus  far  taken  in  the  United  States.  Without  det-ailing  all  the 
steps,  it  may  be  stated  that  the  objections  of  Millbury  Anally  resulted 
in  the  passage  of  a  mandatory  act  of  the  Massachusetts  legislature 
requiring  Worcester  to  purify  its  sewage  before  allowing  it  to  flow  into 
the  Blackstone  Biver.  Under  the  provisions  of  this  act  the  purification 
works  were  built  and  flrst  operated  in  1890. 

In  1890  the  population  of  Worcester  was  84,655,  while  m  1895  it  had 
increased  to  98,678,  and  at  the  same  time  the  pollution  of  the  river 
was  so  bad  that  in  the  latter  year  Millbury  again  brought  suit  against 
Worcester.  At  the  trial,  in  April,  1896,  the  case  of  the  town  of  Mill- 
bury was  supported  by  Allen  Hazen,  Ool.  George  -E.  Waring,  jr., 
Budolph  Bering,  Mrs.  Ellen  H.  Bichards,  and  George  W.  Bafter,  while 
Worcester's  side  was  represented  by  Samuel  M.  Gray,  Prof.  William 
T.  Sedgwick,  Prof.  H.  P.  Kinnicut,  Gharles  A.  Allen,  Harrison  P.  Eddy, 
and  F.  A.  McGlure.  The  testimony  touched  nearly  every  phase  of 
sewage  purification  and  stream  pollution.  In  a  decree  dated  December 
14, 1896,  the  presiding  justice  ordered  that  within  three  months  Wor- 
cester should  take  steps  to  purify  the  stream.  The  preliminary  steps 
to  comply  with  this  decree  have  been  taken. 

Worcester  Insane  Hospital. — These  works  were  constructed  in  1876, 
and  have  since  successfully  disposed  of  the  sewage  of  about  600  people, 
the  ordinary  population  of  the  hospital. 

As  shown  on  a  previous  page,  some  attempt  has  been  made  to  dis- 
X>ose  of  sewage  by  broad  irrigation  at  the  State  insane  hospitals  at 
Augusta,  Maine,  and  Concord,  New  Hampshire,  a  short  time  before  the 
sewage  farm  of  the  Worcester  Insane  Hospital  was  first  operated. 
Neither,  however,  was  entirely  successful,  and  both  have  been  aban- 
doned. We  must  therefore  give  the  credit  to  the  authorities  of  the 
Worcester  Hospital  for  instituting  the  first  permanently  successful 
sewage-irrigation  farm  in  the  United  States. 

The  hospital  building  is  situated  on  a  considerable  rise  of  ground, 
about  3,000  feet  west  of  the  main  irrigation  field,  which  includes  14 
acres.  There  are  also  arrangements  for  drawing  sewage  along  the  line 
of  the  sewer  leading  from  the  hospital  to  the  main  fleld,  which  permits 
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the  irrigation  of  a  total  of  from  30  to  40  acres.    The  entire  hospital 
farm  inclndes  257  acres. 

The  work  wa^mostly  constructed  by  the  inmates  of  the  hospital  and 
no  statement  of  cost  can  be  made.^ 

PLANTS  PBOJBOTBD  IN  MASSAGHTJSBTT8. 

Information  as  to  the  number  of  projected  sewage-pnrification  plants 
in  Massachusetts  has  been  obtained  from  the  annual  reports  of  the 
State  board  of  health,  1890  to  18U5,  inclusive,  as  follows : 

Andover. — ^This  town  submitted  plans  for  sewage  disposal  to  the 
State  board  bf  health  for  approval  in  1895.  The  plans  proposed  were 
rejected  as  thoroughly  impracticable,  and  the  sewer  commissioners  were 
instructed  in  a  communication  dated  October  10, 1895,  as  to  the  proper 
lines  on  which  to  develop  sewage  purification  for  that  place. 

Braintree. — The  sewerage  committee  of  this  town  submitted  plans 
for  sewage  disposal  to  the  State  board  of  health  in  1893.  In  its 
answer,  under  date  of  July  6, 1893,  the  board  suggested  that  inasmuch 
as  the  towns  of  Braintree  and  Weymouth  were  contiguous  and  were 
near  the  sea,  the  interests  of  both  communities  might  be  served  by 
united  action  in  the  construction  of  an  outlet  to  tide  water. 

Concord. — ^The  committee  on  sewage  of  this  town  asked  the  advice 
of  the  State  board  of  health  on  a  proposed  plan  of  sewage  disposal  in 
1894.  Under  date  of  January  3, 1895,  the  board  replied  that,  judging 
from  the  outline  presented,  the  plan  proposed  could  be  commended  as 
well  adapted  to  the  needs  of  the  town,  and  that  a  system  of  intermit- 
tent filtration  on  the  area  proposed  would  be  a  proper  method  of  dis- 
posing of  the  sewage  of  Concord. 

Banvers. — In  1895  the  board  of  health  of  this  town  applied  to  the 
State  board  for  advice  as  to  the  disposal  of  sewage  of  three  morocco 
factories  in  that  place.  In  its  answer,  under  date  of  December  5, 1895, 
the  State  board  of  health  suggested,  as  a  line  of  investigation,  that 
probably  the  sewage  should  be  first  conducted  into  large  settling  tanks, 
where  the  sludge  would  deposit,  and  from  which  the  liquid  could  be 
pumped  to  a  filter  bed  and  the  sludge  be  frequently  removed  from  the 
tanks,  to  be  disposed  of  presumably  either  by  burying  or  for  use  as 
manure  in  agriculture. 

Poxboro  Hospital  for  Dipsomaniacs  and  Inebriates. — Information  as  to 
an  intermittent  filtration  plant  i)roposed  for  this  State  institution  may 
be  found  in  the  Twenty-third  and  Tweuty-fourth  Annual  Beports  of  the 
Massachusetts  State  Board  of  Health. 

Leicester, — Plans  for  sewage  disposal  for  this  town  were  submitted  to 
the  State  board  of  health  in  June,  1893.  They  included  preliminary 
sedimentation  and  filtration,  the  sludge  to  be  allowed  to  drain  oat  in 
beds,  after  which  it  will  be  carted  away  for  use  in  agriculture. 


■Refer  to  the  Forty^seTenth  Ann.  Sept.  of  the  Tmsteos  of  the  Hoepital  licir  the  year  ending  Sep- 
tember 30, 1879. 
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Medfield  Insane  Asylum. — Plans  for  the  disposal  of  the  sewage  of  this 
State  institation  by  means  of  intermittent  filtration  were  submitted  to 
the  State  board  of  health  in  1892. 

PiUsfi€ld.—Ch&pter  357  of  the  acts  of  1890  authorizes  the  city  of 
Pittsfield  to  build  a  system  of  sewerage  and  sewage  disposal,  subject  to 
the  approval  of  the  State  board  of  health.  The  plans  were  presented 
to  the  board  for  its  approval  in  1891.  They  provide  for  the  permanent 
disposal  of  the  sewage  by  intermittent  filtration,  but  permit  a  temiK>rary 
discharge  into  the  Housatonic  River  until  June  1, 1900,  after  which  date 
the  sewage  of  the  city  must  be  treated  before  discharge,  as  provided 
in  the  plans. 

Spencer. — ^This.town  was  advised  by  the  State  board  of  health,  under 
date  of  December  8, 1893,  as  to  proper  disposal  of  the  town  sewage  by 
land  treatment.  The  board  pointed  out  that  the  wastes  from  the  gas 
works  which  now  enter  the  sewers  of  Spencer  should  be  either  excluded 
or  so  treated  before  admission  as  to  remove  all  tarry  or  oily  substances 
which  would  tend  to  clog  the  filters. 

BridgewateTj  State  farm. — Under  date  of  December  14, 1895,  the  State 
board  of  health  advised  the  sux)erintendent  of  the  State  farm  at  Bridge- 
water  as  to  the  purification  of  the  sewage  by  land  treatment,  preferably 
by  filtration  through  porous  soil  about  Ij;  miles  from  the  building. 

Tewksbury. — The  State  board  of  health  advised  the  authorities  of 
this  town  in  regard  to  land  purification  of  the  sewage  under  date 
of  October  3, 1895. 

Wakefield. — In  1892  the  sewerage  committee  of  Wakefield  submitted 
to  the  State  board  of  health  plans  for  the  sewerage  and  sewage  disposal 
of  the  town,  the  sewage  of  the  principal  village  of  the  town  to  be 
treated  by  filtration  upon  land,  and  the  remainder  of  the  sewage  to 
be  discharged  into  the  main  metropolitan  sewer.  In  its  answer  to  the 
application,  under  date  of  October  7, 1892,  the  State  board  of  health 
l^ves  general  suggestions  as  to  the  best  method  of  preparing  the  dis- 

I>o8al  areas. 

At  several  other  places  in  Massachusetts  sewage-disposal  works  have 
been  projected  and  are  likely  to  be  constructed  in  the  next  few  years. 
The  foregoing  examples  are  sufftcieut  to  indicate  the  advanced  state  of 
sewage-purification  questions  in  the  Commonwealth  of  Massachusetts. 

RHODE  ISLAND. 

Sewage-disposal  works  have  been  either  constructed  or  projected  in 
Bhode  Island  as  follows: 

Central  Falls. — ^The  present  city  of  Central  Falls  was  part  of  the  old 
town  of  Lincoln,  in  Providence  County.  The  population  of  the  town 
of  Lincoln  for  1890  is  given  at  20,356.  In  1892  a  tract  of  land  of  about 
35  acres  was  purchased  for  the  disposal  of  the  sewage  of  the  western 
district  of  the  city,  at  a  cost  of  $20,000.  The  disposal  plant,  which  for 
the  present  includes  three  filter  beds  of  about  one-fifth  of  an  acre  each, 
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was  constracted  iu  1896.  Additional  filter  areas  are  to  be  coustructed 
as  required.  The  sewage  flows  to  the  disposal  grounds  by  gravity. 
The  cost  of  the  work  of  preparation  to  date,  including  settling  tank,  is 
is  about  lOydOO.^ 

Pawtiusket — Pawtucket,  with  a  population  of  32,577,  according  to 
the  State  census  of  1895,  is  divided  into  two  principal  drainage  dis- 
tricts, known  as  the  Blackstone  Eiver  district  and  the  Moshassuck 
Biver  district.  The  sewers  of  both  the  districts  are  of  the  combined 
qrstem,  those  of  the  first  district  amounting  to  27.16  miles,  and  those  of 
the  second  district  to  7  miles.  The  filter  plant  is  connected  with  the 
sewers  of  the  second  district,  which  includes  an  area  within  the  city  of 
960  acres  and  an  approximate  population  of  9,5003  110  acres  of  this 


Fig.  4.— Plan  of  filter  areas  at  Pawtncket,  Khode  laUmd. 

area  is  the  most  thickly  settled  portion  of  the  city,  haying  a  stated 
population  of  34  persons  to  the  acre.  Filter  areas  are  located  in  the 
southern  part  of  the  city  and  border  upon  the  Moshassuck  Biver,  as 
shown  in  PI.  lY.  This  stream  is  comparatively  small,  having  an  ordi- 
nary flow  of  from  30  to  45  cubic  feet  per  second.  It  is  very  much 
polluted,  both  above  and  below  the  filter  areas,  by  wastes  from  manu- 
£Etctories,  and  in  view  of  future  complications  it  was  deemed  best  that 
the  city  should  not  be  a  party  to  this  poUution.  The  filter  areas,  as 
already  constructed,  include  a  little  less  than  4  acres,  about  2.4  acres 
being  the  actual  area  capable  of  receiving  sewage.  This  is  divided, 
as  shown  in  fig.  4,  into  13  beds,  4  of  which  are  designed  for  sludge  beds, 

I  Refer  to  Eog.  and  Bldg.  Reed.,  VoL  XXXV,  April  24, 1897. 
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and  are  laid  oat  slightly  lower  than  the  other  beds  in  order  to  receive 
the  sludge  from  the  bottom  of  the  tanks. 

Oovered  sewage  tanks  have  been  provided,  into  which  the  sewage  is 
first  received,  and  from  which  it  is  discharged  upon  the  beds  as  desired. 
The  sewage  flows  to  these  tanks  from  the  city  by  gravity.  Arrange- 
ments have  also  been  made  by  which  the  flow  of  sewage  can  be  shat 
off  from  the  tanks  automatically  and  turned  into  the  storm  overflow 
whenever  the  amount  delivered  is  so  increased  by  a  storm  as  to  tax  the 
capacity  of  the  tanks  above  the  average  or  above  any  amount  to  which 
the  apparatus  has  been  adjusted.  After  the  cessation  of  the  storm  and 
the  consequent  return  of  the  sewage  to  the  average  rates,  the  gates  to 
the  settling  tank  open  automatically,  allowing  the  sewage  to  again  flow 
into  them.  In  ordinary  use  sewage  is  received  into  the  tanks  for  about 
twenty-four  hours  and  then  turned  upon  the  beds  under  irrigation  at 
the  rate  of  100,000  gallons  x)er  acre. 

Work  was  begun  on  the  disposal  areas  in  1893.  Generally  speaking, 
the  work  at  Pawtucket  has  been  well  carried  out  and  the  operation  of 
the  plant  is  successful.^ 

CrofuUmy  State  institutions, — ^The  State  institutions  at  Cranston, 
Bhode  Island,  include  a  house  of  correction.  State  almshouse,  State  hos-* 
pital  for  the  insane.  State  prison,  the  Sockanosset  School  for  Boys,  and 
the  Oak  Lawn  School  for  Girls.  They  are  situated  in  the  midst  of  a 
tract  of  about  500  acres  of  land  owned  by  the  State.  Sewage  disposal 
by  land  .treatment  was  flrst  proposed  at  Granston  in  1884,  and  carried 
out  in  1895,  since  which  time  it  has  been  successfully  operated. 

The  filtration  is  said  to  work  well  in  winter,  the  sewage  reaching  the 
field  ordinarily  at  temperatures  of  about  40^,  42^,  or  43^  F.^ 

Providence. — Sewage  disposal  on  a  large  scale  has  also  been  projected 
for  the  city  of  Providence,  which  had  a  population  in  1890  of  132,146. 
As  the  matter  now  stands,  it  is  proposed  to  partially  purify  the  sewage 
by  chemical  precipitation  and  discharge  it  into  tide  water  at  Fields 
Point.  Main  intercepting  sewers  have  been  under  construction  for  the 
last  few  years  with  this  end  in  view.^ 

Woonsoeket. — Sewage-disposal  works  have  also  been  projected  for 
Woonsocket. 

CONNECTICUT. 

Bristol, — A  recent  example  of  a  combination  broad-irrigation  and 
intermittent-filtration  plant  is  at  Bristol,  Gonii.  The  population  of  this 
town  in  1890  was  7,382.  In  1892  a  number  of  suits  were  brought  to 
restrain  the  discharge  of  crude  sewage  into  a  stream  flowing  through 

'Befer  to  Eng.NewB,  Vol.  XXXV,  January  2, 1890,  where  a  very  complete  acooont  by  George  A. 
Carpenter,  dty  engineer  of  Pawtacket,  designing  and  constmcting  engineer  of  these  works,  may 
be  found. 

'Befer  to  Seventeenth  Ann.  Bept.  Bd.  Charities  and  Corrections  of  R.  I.,  1895;  also  Eug.and  Bldg. 
Beoord,  VoL  XIII,  March  4, 1896. 

■The  Providence  sewago-disposal  data  are  very  extensive ;  for  a  digest  of  the  same  refer  to  Sewage 
Disposal  in  the  United  States.  , 
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the  town.    The  saits  have  been  held  in  abeyance  pending:  the  constnic- 
tion  of  sewage-porification  works. 

Plans  for  a  sewerage  and  sewage-disposal  system  were  prepared  in 
1892,  but  the  actual  work  of  constmction  was  delayed  abont  three 
years  awaiting  necessary  legislation.  Acting  nnder  the  advice  of  Mr. 
McEenzie,  the  town's  engineer,  80  acres  of  land  were  purchased  at  $35 
per  acre  for  the  parpose  of  constructing  filter  beds  and  also  for  utiliz- 
ing sewage  by  broad  irrigation.  The  necessary  sewers  and  a  portion 
of  the  disposal  area  were  constructed  in  the  year  1895.  ' 

The  filter  areas  as  thus  for  prepared  include  abont  6  acres.  The 
material  is  coarse  sand  and  gravel.  Sewage  is  distributed  to  them  by 
means  of  15-inch  and  12-inch  carriers.  The  underdrains,  so  far  as  laid, 
are  8  inches  and  6  inches  in  diameter  and  25  feet  apart.  It  is  not 
intended  to  underdrain  the  irrigation  area.  The  cost  of  preparing  6 
acres  of  filter  beds,  with  the  necessary  appurtenances,  was  about  $9,000. 
No  definite  statements  can  yet  be  made  as  to  the  results  of  purification 
or  irrigation  at  this  place. 

Da/nbury. — Population  in  1890, 16,552.  A  few  years  ago  the  Wolf  dis- 
infecting process,  which  consists  in  dosing  the  sewage  with  sodium  hypo- 
chlorite formed  by  a  partial  electrical  decomposition  of  a  solution  of  salt 
and  water,  was  applied.  The  process,  as  applied  at  Danbury,  proved 
inefficient,  and  suits  were  brought  enjoining  the  city  irom  discharging 
its  sewage  into  Still  Biver.  The  court  recommended  intermittent  filtra- 
tion, adjudged  costs  against  the  city,  and  required  discontinuance  of 
the  discharge  after  May  1, 1897.  Under  these  circumstances  the  town 
purchased  an  extensive  tract  of  land,  a  portion  of  which  is  stated  to 
have  been  prepared  for  use  in  intermittent  filtration.^ 

Lake  Wauremaug. — This  lake,  which  is  surrounded  by  a  number  of 
hotels  and  cottages,  has  abrupt,  rough,  and  rugged  shores,  which  ren- 
der an  economical,  safe  disposal  of  sewage  somewhat  difficult.  Areas 
for  land  treatment  are  entirely  lacking.  Under  these  circumstances  a 
committee  of  the  State  board  of  health  in  1894  recommended  the  treat- 
ment of  all  human  feeces  and  urine  by  a  dry-earth  system,  and  the 
treatment  of  laundry  and  sink  wastes  by  filtration  in  trenches  on  slop- 
ing ground,  somewhat  after  the  method  successfully  used  at  Wayne, 
Pennsylvania.  It  is  understood  that  these  recommendations  have 
since  been  carried  out. 

Litchfield. — Population  in  1800,  3,304.  The  first  sewage-irrigation 
field  in  Connecticut  was  inaugurated  at  this  place  in  1890.  Area  of 
same,  4  acres.  No  details  as  to  method  of  operation  or  success  attained 
are  at  hand.' 

Manchester, — Population  in  1890,  8,222.  It  is  stated  that  a  sewage- 
disposal  plant  by  land  purification  has  recently  been  constructed.  No 
information  as  to  details  is  at  hand. 

1  Befer  to  Eng.  News,  Vol.  XXXIV,  An^nst  29, 1805. 

*R^fer  to  Foarte«nth  Ann.  Itopt.  Conn.  St  Bd.  HmJUi,  18B1. 
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Meriden. — ^The  sewage-disposal  works  at  Meriden  famish  an  example 
of  combined  irrigation  and  intermittent  filtration.  The  population  of 
Meriden  was  21,652  in  1890.    Waterworks  were  built  in  1869. 

The  gradual  extension  of  sewers  having  led  to  a  considerable  pollu- 
tion of  Harbor  Brook,  a  small  stream  flowing  through  the  central  and 
lower  part  of  the  town,  the  question  of  sewage  purification  gradually 
became  a  leading  one  until  a  special  committee  was  appointed,  in 
1891,  to  investigate  and  report  on  the  general  question.  This  com- 
mittee submitted  reports  of  engineers  recommending  broad  irrigation, 
supplemented  by  intermittent  filtration,  on  a  tract  of  land  of  about 
150  acres,  which  was  subsequently  purchased'  for  this  purpose. 
According  to  statements  in  Engineering  Fews,  the  disposal  area  as 
originally  planned  included  some  32  acres  for  broad  irrigation  and  14 
filter  beds,  8  of  which  are  150  feet  by  350  feet  and  the  balance  one-half 
that  size.  That  portion  of  the  disposal  area  which  has  been  laid  out  in 
beds  is  stated  to  consist  of  fine  soil  3  feet  deep,  below  which  is  a  layer 
of  sand  and  gravel  of  unknown  depth,  admirably  suited  for  filtration. 
The  fine,  deep  soil  contains  a  layer  of  rather  poor,  brownish-black 
material  about  8  inches  thick,  below  which  is  red  loam  sand,  finely 
divided  and  nearly  without  grit.  The  sand  and  gravel  farther  down 
are  very  coarse,  most  of  the  sand  being  coarser  than  ordinary  building 
sand. 

In  constructing  the  filter  areas  only  about  12  inches  of  the  top  soil 
was  removed,  leaving  about  2  feet  of  the  fine  material  above  the 
coarser  subsoil.  The  filter  beds  have  been  underdrained  with  6inch 
tile  placed  2 J  feet  below  the  surface  at  their  upper  end  and  5  feet  below 
at  their  lower  ends.  Inspecting  chambers  are  placed  at  the  junction 
of  each  under  drain  with  the  main  drain.  The  main  drain  discharges 
into  water  carriers  leading  to  a  neighboring  river. 

Sewage  was  first  discharged  upon  the  original  filter  areas  in  Septem- 
ber, 1893.  It  was  then  reported  that  very  little  effluent  appeared  in 
the  underdrains,  and  that  the  discharge  from  them  grew  less  and  less 
until  finally  practically  none  appeared.  The  clear  inference  is  that  the 
effluent  passed  on  down  below  the  drain  pipes  and  sank  into  the  coarse 
material  below. 

Considerable  trouble  has  ensued  at  Meriden,  chiefly  by  reason, 
apparently,  of  neglect  of  the  fundamental  principles  of  sewage  purifi- 
cation and  utilization,  not  only  as  worked  out  in  detail  by  the  experi- 
ments of  the  Massachusetts  State  board  of  health,  but  as  practiced 
successfully  for  many  years  abroad.  The  beds  have  not  only  been 
overdosed,  but  in  their  original  preparation  the  exceedingly  fine  mate- 
rial above  the  subsoil  was  partially  left  instead  of  being  fully  removed, 
with  the  result  that  the  filtration  was  not  only  very  slow,  but  the  filtering 
material  was  soon  clogged.  In  1895  all  the  beds  were  stripped  of  top 
soil  and  fine  sand.    Since  that  time  the  results  have  been  much  better. 

Bo  far  as  can  be  learned,  no  special  attempt  has  yet  been  made  to 
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If  the  results  given  in  the  foregoing  are  maintained  permanently  the 
Ghautanqua  Assembly  sewage-disposal  plant  may  be  regarded  as  of  a 
very  high  order. 

In  1893,  from  July  1  to  October  1  (ninety-two  days),  the  cost  of  labor 
was:  Saperintendent  and  engineer,  $255;  helper,  $131;  total,  $386,  or 
at  the  rate  of  about  $4.20  a  day.  The  amount  of  chemicals  used  per 
diem  is  stated  to  average  about  as  follows:  Lime,  1  barrel;  alumina 
sulphate,  30  to  40  i>ounds;  copperas,  2  to  5  pounds.  Fuel  is  estimated 
to  cost  about  30  cents  a  day.  Taking  labor  at  $4.20,  fuel  at  30  cents, 
and  chemicals  at  $1.75,  we  reach  a  total  of  $6.25  a  day.  Assuming  an 
average  attendance  of  4,000  people  during  the  season,  the  daily  cost 
per  capita  is  found  to  be  0.156  cent,  or  at  the  rate  of  57  cents  per  capita 
per  year.  Chemicals  on  the  foregoing  basis  cost  about  16.1  cents  per 
capita  per  annum.  Taking  the  actual  flow  of  sewage  as  averaging 
about  125,000  gallons  a  day,  we  reach  a  cost  per  million  gallons  treated 
of  $8.88  for  lime,  $7.76  for  alum,  and  $1.28  for  copperas,  or  a  total  of 
$17.92  per  million  gallons  treated,  which  again  indicates  somewhat 
greater  exi>ense  for  chemical  treatment  than  would  be  required  for 
treating  the  same  amount  of  sewage  on  land.  Inasmuch,  however,  as 
the  results  were  largely  exi>erimental  in  1893,  it  is  possible  that  later 
figures  would  show  a  marked  reduction  in  cost.  Chemical  treatment 
will,  however,  even  under  the  most  favorable  circumstances,  cost  more 
than  land  treatment,  other  conditions  being,  of  course,  assumed  as 
equal.  ^ 

Far  Bockaway. — Population  in  1890,  2,288.  Plans  for  sewerage  and 
sewage  disposal  were  approved  by  the  New  York  State  board  of  health 
in  1895;  they  include  the  collection  of  the  sewage  of  the  village  at  cen- 
tral points,  from  which  it  is  to  be  pumped,  by  means  of  an  electric  motor 
and  motor  pumps,  to  a  disposal  field,  where  it  will  be  purified  by  land 
treatment.  It  is  understood  that  the  work  is  at  present  under  con- 
struction. 

New  RochelU, — Population  in  1890,8,217;  at  present  it  is  perhaps 
11,000.  A  chemical  purification  plant,  designed  to  treat  eventually 
750,000  gallons  of  sewage  a  day,  was  carried  out  in  1894  at  an  esti- 
mated cost  of  about  $19,000.  In  addition  to  this  sum,  2  acres  of  land 
purchased*  right  of  way,  legal  expenses,  etc,  were  estimated  to  cost 
about  $4,380,  oT  a  total  of  about  $23,380.  Statements  are  lacking  as 
to  either  the  efficiency  of  the  process  or  just  the  method  of  treatment 
pursued.^ 

Hemlock  Lake. — The  domestic  water  supply  of  the  city  of  Rochester 
is  obtained  from  Hemlock  Lake,  about  30  miles  southerly  from  and  at 
an  elevation  of  386  feet  above  the  city.  The  works  for  bringing  this 
supply  to  Bochester  were  constructed  in  1874  and  1875,  about  which 
time  the  attention  gf  the  citizens  of  Bochester  as  well  as  those  of  the 


1  Befer  to  Eng.  News,  Vol.  XXXI,  Fvbnury  1, 1894. 

*Refer  to  Bug.  News,  Vol.  XXxhr.  Febnuvy  28,  1895;  and  Eng.  and  Bldg.BeQord.VQL  TfYr 
Maroh9, 1896. 
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surroandiDg  cities  and  towns  was  attracted  to  the  lake  as  a  desirable 
point  for  summer  residence.  In  1892  there  were  in  use  about  120  cot- 
tages and  several  hotels  and  summer  boarding  houses,  and  the  summer 
population  about  the  margin  of  the  lake,  including  transient  visitors, 
was  from  800  to  1,000  persons. 

In  order  to  care  for  the  sewage  and  house  wastes  the  city  of  Roches- 
ter constructed  in  188()  a  pail  system  by  which  the  night'soil  and  gar- 
bage from  the  cottages  and  hotels  are  collected  and  removed  to  the  foot 
of  the  lake,  where  the  material  is  deposited  in  narrow  trenches  in  thin 
layers,  and,  after  treating  with  lime,  each  layer  is  covered  with  about 
6  inches  of  dry  earth.  This  process  is  repeated  daily  until  the  trench 
is  nearly  tilled,  when  the  remainder  is  rounded  up  with  earth  and  a  new 
trench  is  started.  The  surface  of  the  full  trench  is  then  cultivated 
and  cropped,  and  after  a  suitable  period  the  same  land  is  again  used. 
The  trenches  were  originally  made  about  3  feet  deep,  but  experience 
indicates  much  more  rapid  destruction  of  the  organic  matter  near  the 
surface  than  at  the  lower  levels.  It  has  been  found  that  after  a 
period  of  three  years  the  same  trench  can  be  used  again.  The  plant 
includes  a  buildiug  with  convenient  arrangements  for  washing  the  pails 
during  the  summer  and  for  storing  them  in  winter,  as  well  as  a  Hat- 
bottomed  scow  for  transporting  the  sewage  receptacles  on  the  lake,  and 
a  tramway  and  pier,  with  a  total  length  of  2,200  feet,  by  which  they  are 
transported  from  the  lake  to  the  place  of  treatment.  The  approximate 
cost  of  the  plant  to  April  6,  1891,  including  surveys,  building,  scow, 
wagon  road,  tramway,  carts,  pails,  and  land,  was  about  tlO,000.  The 
yearly  cost  of  operation  is  from  $1,500  to  $1,700.  In  winter  only  a  few 
of  the  dwellings  are  in  use  and  the  collections  are  made  weekly  by 
wagon.^ 

Bathj  Soldiers^  and  Sailors^  Home. — Mr.  Power's  patented  process, 
described  on  page  02,  is  in  use  at  this  place,  where  the  permanent  popula- 
tion may  be  taken  at  from  1,200  to  1,500.  Chemicals  are  stated  to  cost 
fully  $2,000  a  year.  Including  fuel,  labor,  and  other  expenses,  the 
sewage  purification  costs  about  $3  per  capita  per  annum.  A  good 
opportunity  exists  at  this  State  institution  to  elevate  the  sewage  by 
pumping  onto  porous  lands  owned  by  the  State  just  back  of  the  home, 
where  it  could  be  efficiently  utilized  in  irrigation. 

Batavia,  State  Institution  for  the  Blind. — The  average  quantity  of 
sewage  of  this  institution  is  estimated  at  about  10,000  gallons  a  day, 
this  quantity  being  based  upon  an  average  daily  consumption  of  water 
of  50  gallons  per  capita  for  the  200  officers  and  inmates.  Chemical- 
treatment  works  costing  about  $6,500  and  an  outlet  sewer  costing 
$6,000,  or  a  total  of  $12,500,  were  constructed  in  1890-91.  No  state- 
ments as  to  the  efficiency  of  the  process  are  at  hand. 

Vorssar  College. — Vassar  College  is  situated  near  the  town  of  Pough- 


t  Refer  to  Aud.  Bepte.  Ex.  Bd.  City  of  Rocheeter,  and  Sewage  Disposal  Id  the  United  States.  The 
city  of  Rochester  la  now  (1899)  purchasing  a  strip  of  land  about  Hemlock  Lake,  inolading  all  the  cot- 
tages, and  this  collection  system  will  accordingly  soonl>e  discontinaed. 
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keepsie,  a  shoct  distance  back  of  the  city,  upon  a  small  stream,  which 
reaches  the  Hudson  River  by  a  roundabout  course  of  something  like  6 
miles.  For  a  number  of  years  previous  to  1895  the  college  sewage 
flowed  to  a  series  of  covered  tanks,  where  it  underwent  a  rapid  filtra- 
tion through  peat,  gravel,  and  other  substances.  The  effluent  from 
this  process,  while  considerably  clarified,  was  still  objected  to  as  unfit 
to  pass  into  *a  small  outlet  creek,  the  township  health  officer  alleging 
that  its  discharge  was  injurious  to  riparian  owners  below. 

After  considerable  discussion,  in  which  various  projects  were  sug- 
gested, a  plan  for  disposal  by  intermittent  filtration  and  broad  irriga- 
tion was  prepared  and  carried  out  by  Messrs.  Koyes  and  Hazen  in  the 
fall  of  1895.  Under  this  plan  the  sewage  first  passed  into  a  screening 
chamber  provided  with  a  screen  rack  formed  of  iron  bars  ^  by  2 
inches  in  diameter,  placed  seven-eighths  of  an  inch  apart.  The  sewage 
enters  the  screening  chamber  parallel  to  the  screen  rack  and  not 
against  it.  The  matter  collected  at  the  screen  is  taken  out  each  day, 
and  after  draining  on  a  platform  is  removed  to  the  boiler  house  and 
burned.  From  the  screening  chamber  the  sewage  flows  to  a  reser- 
voir of  44,000  gallons  capacity,  from  which  it  was  pumped  to  the  dis- 
posal area,  which  consists  of  two  filter  beds  with  a  total  area  of  1.03 
acres  exclusive  of  the  embankment.  The  filtering  material  is  a  rather 
coarse  sand  with  an  effective  size  of  grain  of  from  0.30  to  0.40 
millimeter. 

The  level  of  the  ground  water  was  found  to  be  about  15  feet  below 
the  prepared  surface  of  the  filter  areas,  and  as  there  was  a  gully  near 
by  which  afibrded  a  free  outlet  for  the  ground  water,  underdraining 
was  deemed  unnecessary. 

The  filter  beds  provided  are  regarded  as  sufficient  to  receive  the 
entire  sewage  of  the  college,  but  as  there  was  a  considerable  area  of 
sandy  soil  near  by  at  a  somewhat  greater  elevation,  the  force  main  was 
extended  to  a  x)oint  commanding  this  area,  so  that  during  the  growing 
season  several  acres  of  land  can  be  utilized  for  broad  irrigation.  In 
this  way  the  ftindamental  principle  of  effective  sewage  utilization  has 
been  recognized  in  these  works,  the  sewage  going  to  the  land  when 
necessary  for  the  best  results  of  agriculture  and  to  the  filter  areas 
when  not  needed  on  crops,  thus  insuring  an  efficient  filtration  at  all 
times  without  reference  to  cropping. 

Complete  records  as  tq  the  quantity  of  sewage  do  not  appear  to 
have  been  kept,  although  during  the  months  of  February  and  March, 
1896,  the  average  daily  quantity  is  stated  as  56,000  gallons,  the  range 
being  from  32,000  to  113,000  gallons.  The  sewers  receive  roof  water 
and  the  higher  quantities  are  stated  as  due  to  accessions  from  this 
source. 

The  total  cost  of  the  works  as  constructed,  including  the  preliminary 
expense  involved  in  considering  the  various  projects  proposed  before 
the  final  adoption  of  the  sewage-utilization  project,  is  stated  at  $7,500, 
exclusive  of  the  land. 
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Ohemical  examinations  have  been  made  of  the  water  taken  from 
the  brook  receiving  the  effluent,  above  the  point  where  the  effluent 
enters  as  well  as  below,  with  the  result  of  showing  that  the  stream 
below  the  effluent  now  carries  no  trace  of  sewage  contamination.  A 
great  improvement  in  the  condition  of  the  stream  is  also  shown  by 
analyses  made  before  and  since  the  beginning  of  the  filtration  by  Mrs. 
BUen  H.  Eichards,  one  of  the  trustees  at  Yassar  College,  and  analyst 
of  the  Massachusetts  State  board  of  health.  The  examinations  are 
to  be  continued  for  considerable  length  of  time  in  order  to  gain  infor- 
mation as  to  the  final  effect  on  the  effluent  and  as  to  other  questions  of 
interest  to  those  planning  similar  works.  The  enterprise  of  Yassar 
GoUege  in  carrying  out  so  thorough  a  system  and  also  in  causing  sys- 
tematic examinations  to-be  made  for  the  purx)oseof  acquiring  informa- 
tion  for  future  guidance  is  highly  commendable.* 

PLANTS  PEOJBCTED  IN  NEW  YORK. 

AVnon, — Population  in  1890,  4,586.  Plans  for  sewage  disposal  by 
intermittent  filtration  were  approved  by  the  State  l>oard  of  health  in 
1890.  The  sewage  will  be  delivered  at  the  filtration  fields  by  gravity, 
and  the  topographical  conditions  are  such  as  to  admit  of  utilization  in 
agriculture  by  broad  irrigation  on  porous,  sandy  lands. 

Oobleskill. — Population  in  1890, 1,822.  Plans  for  sewage  disposal  by 
chemical  purification  were  approved  by  the  State  board  of  health  in 
1893.  No  information  is  at  hand  as  to  whether  or  not  land-purification 
processes  have  been  considered. 

Cortland. — Population  in  1890,  8,590.  Plans  for  purification  of  the 
sewage  of  the  town  by  chemical  treatment  were  approved  by  the  State 
board  of  health  in  October,  1893.  The  plans  also  include  possible  filtra- 
tion through  land,  should  a  high  degree  of  purity  be  found  necessary. 
It  is  proposed  to  use  lime  and  sulphate  of  alumina  as  precipitants.  The 
plans,  as  approved,  include  a  tank  area  for  from  9,000  to  10,000  people, 
with  arrangements  whereby  the  capacity  can  be  increased  as  required. 
The  report  of  the  engineer  does  not  state  whether  or  not  the  locality 
would  admit  of  land-purification  processes. 

Flathuah. — Under  the  health  laws  of  the  State  of  New  York,  the  gov- 
ernor may,  on  presentation  of  evidence  as  to  the  existence  of  a  nuisance, 
order  the  same  to  be  abated  under  plans  subject  to  the  approval  of  the 
State  board  of  health.  In  1894  Governor  Flower  issued  such  an  order 
with  reference  to  the  sewage  of  the  village  of  Flatbush,  on  Long  Island, 
which  then  grossly  polluted  Mill  Greek.  No  information  is  at  hand  as 
to  the  action  finally  taken  under  this  order. 

Fort  Plain. — Population  in  1890,  2,864.  This  town  is  situated  in  the 
narrow  x)ortion  of  the  Mohawk  Yalley  at  a  place  where  little  opportu- 
nity for  land  purification  exists,  except  that  the  town  incurs  the  expense 
of  pumping.  The  cities  of  Bome,  Little  Falls,  and  Utica,  on  the  Mohawk 
Hiver  above  Fort  Plain,  discharge  sewage  into  the  river  without  treat- 


^JFoT  an  aooonnt  of  the  Vaasar  College  works,  aee  the  Englneeiing  Beoord  of  June  27, 1800. 
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ment.  Under  these  circamstances  a  chemical  pnrification  plant  was 
approved  by  the  Stajye  board  of  health  in  1893. 

Fonda, — This  place,  with  a  population  in  1890  of  1,190,  is  also  situ- 
ated in  the  narrow  valley  of  the  Mohawk'  River  below  Fort  Plain.  For 
reasons  similar  to  those  stated  in  the  case  of  Fort  Plain  a  chemical- 
purification  plant  for  this  place  has  been  approved  by  the  State  board 
of  health. 

Fulton, — Population  in  1890,  4,214.  This  village  is  situated  on  the 
Oswego  Eiver,  12  miles  from  Lake  Ontario.  Chemical-purification 
works  using  lime  and  sulphate  of  alumina  for  precipitants,  and  esti- 
mated to  cost  $19,500,  were  approved  by  the  State  board  of  health  in 
1894.  The  water  supply  of  the  city  ox  Oswego  is  taken  from  the  Oswego 
Eiver  about  10  miles  below.  The  engineer's  report  does  not  state 
whether  land-purification  processes  are  feasible  or  not. 

Gowanda. — The  present  population  of  this  place  is  stated  at  about 
2,500.  Sewage- disposal  works  by  the  process  of  sedimentation  fol- 
lowed by  upward  filtration  were  presented  to  the  State  board  of  health 
in  1895.  The  details  are  too  meager  to  give  any  certain  indications  as 
to  the  probable  success  of  the  process  as  sx>ecially  applied  at  this 
place.  The  cost  of  the  tanks  is  estimated  at  approximately  $4,000, 
with  a  fixed  charge  of  $800  per  annum  for  maintenance. 

Herkimer. — ^The  township  of  Herkimer,  which  includes  the  yillage, 
had  a  population  in  1890  of  4,666.  The  present  population  of  the 
village  is,  however,  stated  at  about  4,700.  Plans  for  sewage-disposal 
works  were  approved  by  the  State  board  of  health  in  1893.  They 
include  chemical  precipitation  applied  substantially  as  at  Fort  Plain 
and  other  towns  of  the  Mohawk  Valley. 

Holly, — Population  in  1890, 1,381.  Plans  for  sewage  purification  by 
intermittent  filtration  were  approved  by  the  State  board  of  health  in 
1890.  The  topographical  conditions  are  such  as  to  permit  the  use  of 
ate  sewage  in  broad  irrigation. 

Jamestown, — Population  in  1890,  16,038.  Sewage-disposal  works 
have  been  projected,  but  whether  land  processes  will  be  used  is 
unknown. 

Ilion, — Population  in  1890,  4,057.  Plans  for  chemical  treatment  by 
the  use  of  lime  and  sulphate  of  alumina  were  approved  by  the  State 
board  of  heaUh  in  1895.  As  at  Fort  Plain,  Fonda,  Herkimer,  and 
other  places  in  the  lower  Mohawk  Valley,  no  information  is  given  in 
the  report  as  to  the  possibility  of  applying  land  purification.  This 
universal  omission  must  be  considered  extraordinary  in  view  of  the 
water  supplies  on  the  Hudson  River  at  and  about  the  mouth  of  the 
Mohawk  and  just  below. 

Lyons, — Population  in  1890,  4,475.  Plans  for  sewage  disposal  and 
sewerage  were  submitted  to  the  State  board  of  health  for  approval  in 
the  summer  of  1897.  They  include  purification  of  the  sewage  by 
irrigation  and  filtration. 
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Mount  Verrum. — Population  in  1890, 10,830.  Plans  for  treating  the 
sewage  by  J.  J.  Power's  patented  process  were  approved  by  the  State 
board  of  health  in  1893. 

Korth  Tarrytawn. — Population  in  1890, 3,179.  Sewerage  and  sewage- 
disposal  works  for  this  place  were  approved  by  the  State  board  of 
health  in  1894.  The  pnrification  is  to  be  by  chemical  treatment.  The 
details  given  in  the  published  reports  are  exceedingly  meager. 

Oneida. — Population  in  18110,  6,083.  This  village  is  situated  in  the 
Mohawk  Valley  above  Utica.  Plans  for  the  purification  of  sewage  by 
chemical  treatment  were  approved  by  the  State  board  of  health  in  1893. 

Pelham  Manor. — Plans  for  chemical  treatment  of  the  sewage  of  this 
place  were  adopted  by  the  State  board  of  health  in  1894.  From  the 
meager  details  given  in  the  rei>orts  it  is  inferred  that  Mr.  Power's 
patented  process  is  to  be  used. 

Rochester. — Population  in  1890,  133,896.  General  plans  for  treating 
the  greater  part  of  the  sewage  of  that  portion  of  Rochester  lying  east 
of  the  Genesee  Biver,  including  at  present  a  population  of  about  75,000 
persons,  were  prepared  in  1888,  but  have  remained  thus  far  in  abeyance. 
The  plans  as  prepared  propose  a  partial  chemical  purification  by  lime 
treatment,  with  discharge  of  the  effluent  into  the  Genesee  River.  There 
is  a  fine  opportunity  to  utilize  the  sewage  of  the  east  side  at  Rochester 
by  broad  irrigation  on  sandy  soils  in  the  neighboring  town  of  Ironde- 
quoit,  which  are  now  largely  devoted  to  growing  vegetables  for  the 
Rochester  market.  In  view  of  the  successful  experience  on  a  similar 
soil  at  Gennevilliers,  in  France,  as  described  in  Water- Supply  and  Irri- 
gation Paper  No.  3,  the  author  can  not  but  think  that  if  the  city  of 
Rochester  were  to  finally  construct  a  chemical-purification  plant  as 
proposed  it  would  miss  the  great  opportunity  of  its  municipal  life. 

Williams  Bridge. — Population  in  1890,  1,685;  estimated  at  present 
at  about  5,000.  Plans  for  chemical  treatment  of  the  sewage  were 
approved  by  the  State  board  of  health  in  1894.  The  details  of  the 
plans  as  given  in  the  reports  are  very  meager. 

NEW  JERSEY. 

Atlantic  City. — This  place  is  a  well-known  seaside  resort,  which  has 
many  visitors  in  winter,  but  a  much  larger*  number  in  summer.  Its 
population  in  June,  1890,  was  13,055,  against  5,477  in  1880.  It  Is  said 
that  during  the  height  of  the  summer  season  150,000  people  sometimes 
visit  this  place. 

Atlantic  City  is  one  of  the  few  places  in  the  United  States  where  the 
sewerage  and  sewage-disposal  systems  are  owned  and  operated  by  a 
private  company.  The  purification  plant  in  use  consists,  in  eflFect,  of 
an  elevated  bed  in  which  sand  with  hay  below  is  used  as  a  separating 
material  and  from  which  the  effluent  falls  in  small  streams  about  3  feet 
to  gathering  gutters  leading  to  tlie  effluent  pipe.  The  results  gained 
are  Extremely  unsatisfactory.    Indeed,  with  the  large  quantity  treated 
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at  the  present  time  it  is  doabtfol  if  any  improvemeDt  is  effected.  The 
answer  to  a  recent  letter  of  inquiry  refers  to  the  Atlantic  City  sewage- 
pnrification  works  as  a  great  farce. 

East  Orange. — The  population  of  this  place  in  1890  was  13,282. 
Sewage-disposal  works  with  chemical  treatment  supplemented  by  filtra- 
tion through  land  were  constructed  in  1887  and  1888.  The  chemicals 
used  are  lime  and  sulphate  of  alumina.  So  far  as  known,  no  attempt 
to  raise  crops  on  the  filter  areas  has  ever  been  made.  The  works  are 
now  out  of  use,  the  sewage  going  to  the  Passaic  River  by  way  of  the 
Newark  sewers. 

Essex  Fells. — This  place  is  an  improved  suburban-residence  district, 
with  a  daily  flow  of  sewage  of  about  20,000  gallons.  Originally  the 
purification  was  merely  such  as  could  be  obtained  by  sedimentation  in 
a  tank,  supplemented  by  the  flow  of  the  effluent  through  a  mass  of 
broken  stone,  and  thence  into  gravel.  Two  filter  areas  capable  of  puri- 
fying double  the  present  flow  were  constructed  early  in  1897.* 

Freehold. — Population  in  1890,  2,932.  A  disposal  plant  by  broad 
irrigation  was  brought  into  use  in  1893.  For  this  purpose  16  acces  of 
land  were  purchased,  upon  which  the  sewage  is  delivered  by  gravity. 
A  portion  of  this  has  an  unfavorable  peaty  soil  with  a  surface  of  from 
6  to  12  inches  of  bog  iron  ore.  The  remainder  is  greensand,  marl,  and 
clayey  gravel.  The  cost  of  the  land,  including  right  of  way,  was 
$4,120,  and  with  fencing  and  preparation,  $6,207.  Engineering  and 
superintendence  cost  $1,944.  The  entire  force  of  labor  consists  of  one 
man  at  $300  per  annum.  The  disposal  area  was  seeded  with  Hunga- 
rian grass  the  first  year,  which  sold  standing  for  $45,  but  thehay  is 
said  to  have  molded  after  being  housed.  An  attempt  to  cure  this 
grass  the  second  year  is  also  said  to  have  failed.  Probably  if  Hunga- 
rian grass  is  the  proper  crop  to  raise  on  this  area,  ensilage  would  be 
the  best  way  to  preserve  it.^ 

Lawrenceville  School. — A  system  of  subsurface  irrigation  was  carried 
out  at  this  school  in  1883.  Additions  thereto,  either  by  intermittent 
filtration  or  by  broad  irrigation,  were  proposed  in  1893.  As  to  whether 
the  improvements  have  all  been  carried  out  there  is  no  information  at 
hand.' 

Long  Branch. — ^The  winter  population  of  this  place  does  not  exceed 
7,000  or  8,000,  although  the  population  in  summer  is  estimated  at  from 
80,000  to  100,000.  Like  Atlantic  City,  this  place  has  granted  a  fran- 
chise for  sewerage  works  to  a  private  company.  Chemical-precipitation 
and  mechanical-separation  sewage-disposal  works  were  constructed  in 
1886.    Definite  information  as  to  results  is  lacking.^ 

Morris  Plains  Asylum. — Works  for  sewage  disposal  by  sedimenta- 


1  Kefer  to  Bng.  and  Bldg.  Record,  VoL  XXXVI,  Jnlj  3, 1887. 
s  Refer  to  Seyenteenth  Ann.  Rept.  New  Jersey  St.  Bd.  of  Health,  1893. 

sRefer  to  Trans.  Am.  Soo.  Cir.  Eng.,  Vol.  XVI,  1887;  Eng.  and  Bldg.  Record,  Vol.  XVI,  1886;  and 
Sewage  Disposal  In  the  United  States. 
«  Refer  to  ElcTenth  Ann.  Rept.  New  Jersey  St.  Bd.  of  Health,  1887. 
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tion  and  subsurface  irrigation  were  constructed  at  this  State  institution 
in  1887.  The  sewage  is  also  dosed  with  a  small  quantity  of  sulphate 
of  alumina.  ISo  information  is  at  hand  as  to  whether  sewage  irrigation 
could  be  profitably  used.^ 

Plainfield. — ^The  present  population  of  Plainfield  is  about  13,000.    It 

is  chiefly  a  residence  town,  a  very  large  portion  of  the  residents  being 

New  York  City  business  men.    The  construction  of  a  water  supply  a 

few  years  ago  has  had  the  usual  result  of  emphasizing  the  need  of 

sewers,  but  no  practical  move  was  made  in  this  direction  until  1892. 

It  was  then  resolved  to  construct  a  sewerage  system  with  purification 

by  intermittent  filtration  and  broad  irrigation.    The  construction  of 

the  works  was  begun  in  1894  and  completed  in  1895.    The  land  selected 

for  sewage  disposal  lies  at  an  elevation  of  from  50  to  70  feet  above 

mean  sea  level  and  can  be  mostly  reached  with  the  sewage  of  the  town 

without  pumping.    For  one  district,  however,  it  is  arranged  in  the 

future  to  drain  to  a  pump  well,  from  which  the  sewage  will  be  raised 

by  automatic  electric  pumps  into  a  neighboring  main,  whence  it  can 

flow  by  gravity  to  the  disposal  works.    The  works  at  Plainfield  are  of 

further  interest  because  of  a  trial  there  of  cultivation  of  the  filtration 

area.    The  result  of  such  experiment  with  Indian  corn  is  well  shown 

on  PI.  I  of  Water-Supply  and  Irrigation  Paper  l^o.  3,  and  on  PL  Y  of 

this  paper.    The  flow  of  sewage  is  stated  at  present  to  amount  to  from 

11,000  to  13,000  gallons  per  hour  at  11  a.  m.,  gradually  diminishing 

from  that  time  to  5,000  gallons  at  about  4  p.  m.,  and  again  increasing 

from  7  p.  m.  to  11,000  gallons  per  hour  at  11  a.  m.,  as  stated.    The  total 

flow  in  twenty-four  hours  is  stated  as  about  230,000  gallons.    The  works 

were  constructed  under  the  direction  of  A.  J.  Gavett. 

Princeton  College, — Sewage  disposal  by  broad  irrigation  was  carried 
out  at  Princeton  several  years  ago.  An  average  daily  flow  of  sewage 
of  from  7,000  to  10,000  gallons  is  purified  on  a  sloping  field  of  about  4 
acres  which  has  6  inches  of  black  soil  resting  upon  a  homogeneous  clay 
subsoil.  The  entire  area  is  drained  to  a  depth  of  4.5  feet  with  2inch 
tiles  laid  30  feet  apart.  Sewage  is  applied  from  a  line  of  troughs  at  the 
upper  margin  of  the  field,  which  are  changed  from  place  to  place  as 
necessary.* 

Summit, — Population  of  the  township  in  1890, 3,502.  Sewage  purifi- 
cation by  intermittent  filtration  was  first  operated  in  1892.  The  dis- 
posal area  consists  of  26  acres  of  land,  of  which  10  acres  have  been  laid 
out.  The  following  bacteriological  examination,  made  by  Dr.  Bichard 
N.  Connolly,  bacteriologist  to  the  Passaic  Eiver  Commission,  indicates 
defects  of  some  sort  in  these  works. 

■Sample  of  raw  sewage  taken  December  31,  1896,  showed  bacilli  coli 
communis  very  numerous,  with  a  total  number  of  bacteria  per  cubic 
centimeter  of  1,112,250. 


1  Befer  to  Eleventh  Ann.  Bept.  TSew  Jersey  St  Bd.  of  Uealth,  1887. 
sBefer  to  Twentieth  Ann.  Bept.  Kew  Jersey  St.  Bd.  Health,  1896. 
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A  sample  of  the  filtrate  from  the  westerly  outlet  taken  at  the  same 
time  also  showed  bacilli  coli  communis  very  numerous,  with  a  total 
number  of  bacteria  per  cubic  centimeter  of  1,098,900. 

A  sample  of  the  filtrate  from  the  northerly  outlet,  also  taken  at  the 
same  time,  showed  bacilli  coli  communis  numerous,  with  a  total  num- 
ber of  bacteria  per  cubic  centimeter  of  645,440.' 

Westfield. — This  town  had  a  population  in  1897  of  about  3,000. 
Sewerage  and  sewage  disposal  works  were  carried  out  in  1895  and  1896. 
The  method  of  disposal  is  by  means  of  intermittent  filtration  and  broad 
irrigation.  For  the  former  four  level  beds  of  about  three-quarters  of 
an  acre  each  have  been  prepared  on  the  highest  part  of  the  disposal 
field,  which  lies  at  an  elevation  of  about  80  feet  above  tide  water. 
The  soil  ranges  from  a  fine  sand  to  a  coarse  gravel.  For  the  present 
12  acres  have  been  purchased,  the  portion  not  included  in  the  filter 
beds  to  be  used  for  broad  irrigation.  Thus  far  only  one  man  is  found 
necessary  to  take  care  of  the  sewage.  The  cost  of  the  plant,  including 
laud,  was  $8,436.'  F.  A.  Dunham  was  designing  and  constructing 
engineer. 

PENNSYLVANIA. 

Altoona. — Population  in  1890,  30,337;  in  1895  the  population  was 
estimated  at  35,500.  The  town  is  located  at  the  base  of  the  Allegheny 
Mountains,  between  the  elevations,  1,110  and  1,350  feet  above  tide,  and 
near  the  head  waters  of  the  Juniata  Biver.  A  sewage-disposal  plant, 
constructed  in  1896  and  1897,  is  designed  to  purify  the  sewage  of  a  little 
less  than  one-half  of  the  city,  which  originaUy  drained  southward 
toward  Hollidaysburg,  the  county  seat  of  Blair  County,  which  is  situ- 
ated on  the  stream  originally  receiving  the  sewage  a  few  miles  down. 

The  pollution  of  the  streams  receiving  the  Altoona  sewage  has  been 
a  source  of  controversy  for  many  years,  and  in  1882  suits  were  brought 
against  the  city  for  polluting  springs  on  property  about  11,400  feet 
southward  from  the  city  limit.  This  case  was  finally  decided  against 
the  city,  and  claims  of  damages,  interest,  and  costs  to  the  amount  of 
$6,555.36  were  compromised  in  1895  for  $2,812.45. 

Early  in  1895  surveys  for  a  sewage-disposal  plant  were  made  by  Mr. 
Harvey  Linton,  city  engineer.  Messrs.  Budolph  Hering  and  Allen 
Hazen  were  employed  as  consulting  engineers.  The  details  of  the 
Altoona  sewage-disposal  operations  are  exceedingly  interesting,  but 
too  extensive  to  be  gone  into  here,  and  we  may  simply  state  that  the 
filter  beds  have  a  capacity  of  about  750,000  gallons  a  day.  The  land 
purchased  for  sewage  disposal  amounts  to  nearly  96  acres  and  cost 
$12,000.  Of  this  nearly  70  acres  are  available  for  sewage  purification. 
The  new  works  were  first  operated  in  June,  1897.  It  is  intended  to 
raise  corn  upon  the  filter  areas. 

The  specifications  for  this  work,  as  prepared  mostly  by  Mr.  Hazen, 


1  Befer  to  Eng.  KewB,  Vol.  XXVIII,  December  8, 1892,  and  Sewage  Dispoaal  in  the  United  States. 
*Befer  to  Twentieth  Ann.  Bept  New  Jeney  St.  Bd.  Health,  1896. 
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present  some  interesting  features.    The  following  is  the  clause  cover- 
ing grading  and  embankments : 

The  general  object  of  this  work  is  to  divide  up  the  land  into  a  series  of  level  plats 
BUTTonnded  by  embankments,  so  that  each  can  be  separately  flooded  without  dis- 
tnrbing  the  others,  and  to  prevent  the  overflow  of  the  land  by  the  stream  in  time  of 

flood. 

•  ••••■• 

The  land  should  be  kept  in  as  loose  and  porous  condition  as  possible,  and  to  that 
end  all  that  part  of  the  area  to  be  filled  shall  be  plowed  1  foot  deep  and  left  in  loose 
condition  before  commencing  to  fill,  and  the  elevations  of  the  filling  shall  be  carried 
to  such  additional  elevation  as  may  be  directed  by  the  engineer,  to  allow  for  subse- 
quent settlement  to  bring  all  parts  of  the  bed  to  Ihe  same  ultimate  elevation. 

The  dividing  embankments  shall  be  solidly  constructed  and  rolled  if  necessary. 
The  stone  removed  from  the  land  may  be  largely  placed  in  them  if  not  otherwise 
required.  The  outside  embankment  as  low  as  ordinary  high  water  shall  be  paved 
with  stones  removed  from  the  field  in  such  ex})osed  places  as  may  be  directed  by  the 
engineer,  and  the  remainder  of  the  slope  and  top  carefully  sodded  with  firm,  healthy 
sods. 

Land  stones  over  4  inches  long  are  to  be  removed  from  the  surface  material  as  fast 
as  the  same  is  removed  and  are  to  be  placed  in  the  embankments  or  along  the  river 
to  prevent  washing,  us  will  best  serve  the  interests  of  the  work,  and  as  may  be 
directed  by  the  engineer. 

After  removing  the  stones  the  surface  of  the  beds  shall  be  carefully  graded  and 
smoothed  and  left  in  porous  condition,  free  from  compacting  from  wheels  or  hoofs, 
and  ready  for  receiving  sewage.' 

Narristowfiy  State  Honpitul  for  the  Insane. — The  total  population  of 
this  institution  is  about  1,500,  and  the  total  daily  consumption  of  water 
about  325,000  gallons,  or  150  gallons  per  capita.  A  sewage-disposal 
plant,  with  purification  by  filtration  and  broad  irrigation,  was  con- 
structed in  1885.   These  works  are  said  to  have  been  specially  successful.^ 

£ea^tn^. —Population  in  1890, 58,661.  The  proprietary  process  of  the 
Pennsylvania  Sanitary  Sewage  Company  was  carried  out  in  1895.  It 
is  claimed  that  the  works  have  sufficient  capacity  to  purify  15,000,000 
gallons  of  sewage  a  day.  The  following  statement  embodies  the  main 
points  of  these  works: 

The  sewage  falls  by  gravity  into  reservoirs  20  feet  in  diameter,  with 
coke  filters  12  inches  deep,  through  which  the  sewage  first  passes  in 
order  to  screen  out  the  coarser  susptoded  matter.  The  reservoirs  are 
ventilated  by  special  passages  which  surround  the  smoke  flue  and  are 
expected  to  discharge  foul  odors  at  a  height  of  about  100  feet. 

The  sewage  is  drawn  from  the  reservoir  into  a  suction  chamber,  from 
which  it  is  pumped  to  filter  beds  on  the  river  banks,  about  a  mile  from 
the  pumping  station.  These  beds  are  two  story  structures  of  brick, 
stone,  and  iron,  250  by  50  feet,  each  story  being  subdivided  into  ten 
compartments,  making  a  total  of  twenty  compartments  25  by  50  feet. 
The  filter  beds  are  divided  into  upper  and  lower  sections,  in  order  to 
combine  aeration  with  filtration.  The  filtering  material  of  the  upper 
section  consists  of  fine  sand  2  feet  thick.    After  i>ercolating  through 


1  Proo.  Bng.  Glab  of  Philadelphia,  Vol.  XIV,  July-September,  1897. 
*  Befer  to  Colonel  Waring's  Sewerage  and  Land  Drainage,  1888. 
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this  the  sewage  falls  8  feet  to-a  lower  filter,  which  is  formed  of  varions 
grades  and  sizes  of  filtering  material.  Inlets  are  provided  in  which 
air  is  to  be  circulated  in  the  coarser  material  of  the  lower  section.  The 
efKuent  water  is  discharged  directly  into  the  river. 

The  author  can  not  but  think  that  the  proposition  to  purify  15,000,000 
gallons  of  sewage  a  day  by  this  plant  must  be  intended  as  a  joke.^ 

Wayne. — This  place  is  a  suburban  village  with  a  population  in  1890 
of  997.  It  has  grown  rapidly,  and  at  present  the  population  is  much 
greater.  There  are  no  manufactories.  Sewage  disposal  by  surface 
irrigation  was  carried  out  in  1891.  The  disposal  area  includes  11  acres 
of  sidehill  land,  with  creek  flowing  through  the  middle.  A  portion 
of  the  land  is  timbered,  as  shown  by  fig.  2  in  Water-Supply  and  Irriga- 
tion Paper  No.  3  and  by  PI.  YII  in  this  paper. 

The  sewage  flows  by  gravity  to  the  pumping  station,  whence  it  is 
forced  to  distribution  wells  on  acyacent  highlands,  from  which  it  flows 
down  the  sidehill  through  heaps  of  broken  stone.  At  various  places 
below  cinder  banks  are  formed.  A  very  efficient  filtration  is  said  to  be 
obtained  by  this  process  in  course  of  a  few  hundred  feet  below.  In 
1892  the  average  daily  quantity  of  sewage  was  established  at  about 
200,000  gallons.  During  that  year  five  crops  of  grass  were  raised  on 
the  irrigated  land.'    The  effluent  water  is  discharged  into  the  river. 

WEST  VIRGINIA. 

Westofij  State  Insane  Hospital. — Plans  for  sewage  disposal  by  chemical 
precipitation,  supplemented  by  broad  irrigation,  on  about  27  acres  of 
land  on  which  it  was  intended  to  grqw  crops  were  prepared  in  1891.  In 
view  of  the  sewage  farming  offering  an  opportunity  for  employing  a 
considerable  number  of  harmless  insane  in  light  outdoor  labor,  it  was 
believed  that  this  project  was  an  especially  feasible  one.  Thus  far, 
however,  the  West  Virginia  legislature  has  not  appropriated  the 
$40,000  necessary  in  order  to  carry  out  the  project  in  full  detail.^ 

TEXAS 

Paris. — Population  in  1890,  8,254.  This  town  is  finely  located  in 
northwestern  Texas,  about  14  miles  from  Bed  Biver,  at  an  elevation  of 
588  feet  above  tide  water. 

Sewers  were  constructed  in  1894,  discharging  into  a  small  stream 
known  as  Bankers  Greek.  Soon  after  constructing  a  main  sewer,  farm- 
ers on  this  creek  below  the  outfall  brought  suits  for  damages  aggre- 
gating $15,000.  Trial  of  one  of  them  resulted  in  a  verdict  against  the 
city  of  $900. 

The  suits  had  the  efiect  of  forcing  attention  to  some  other  means 
of  sewage  ^sposal,  and  in  the  early  part  of  1897  a  system  of  disposal 

1  Eng.  and  Bldg.  Beoord,  Vol.  XXXI,  May  4, 1896. 

>Befer  to  the  Am.  Aroh.,  Jnly  2, 1892;  Eng.  Neva,  Vol.  XXVm,  November  3, 1892;  and  Sewage 
Disposal  in  the  United  States. 
~~*'(fer  to  Jour,  of  W.  Va.  House  of  Delegates,  Febraary  18, 1891. 
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by  intermittent  filtration  was  began.  For  this  purpose  the  city  pur- 
chased 10  acres  of  land  for  $750,  of  which  5^  acres  have  been  laid  out. 
The  cost  of  constructing  5^  acres  of  filters  is  given  at  $3,730.  The 
present  daily  flow  of  sewage  is  from  35,000  to  40,000  gallons.  The 
sewage-disposal  areas  are  cared  for  by  one  man,  who  is  paid  at  the  rate 
of  $420  a  year.    It  is  proposed  to  crop  with  alfalfa  in  1898.' 

San  An^onto.— Population  in  1890,  36,673.  T^e  city  purchased  530 
acres  of  land  in  1895,  with  the  expectation  of  establishing  a  sewage 
&u-m.  Information  is  not  at  hand  as  to  the  present  state  of  the 
enterprise. 

Temple. — ^Population  in  1890,  4,047.  It  is  understood  that  this  place 
has  recently  granted  a  franchise  to  a  private  company  to  construct  and 
operate  sewerage  and  sewage-disposal  works. 

OHIO. 

Allumce. — ^Population  in  1890,  6,707.  A  chemical-purification  plant 
estimated  to  cost  $18,400  has  either  been  recently  constructed  or  is 
about  to  be  constructed  at  this  place.  As  to  just  the  present  state  of 
the  project,  no  information  is  at  hand. 

Oanton. — Population  in  1890, 26,189;  present  population  estimated  at 
about  35,000.  The  outfall  sewer  originally  discharged  raw  sewage  into 
the  main  branch  of  the  Nimishillen  Greek.  Gomplaints  were  made 
several  years  ago  by  the  owners  of  land  abutting  on  the  creek  below 
the  outlet  of  the  sewer,  thus  bringing  the  question  of  sewage  purifica- 
tion before  the  city  authorities,  who  acquired  28  acres  of  land  at  and 
about  the  sewer  outfall  for  the  purpose  of  providing  some  method  of 
purification.  Chemical  treatment  was  finally  decided  upon  as  adequate 
to  the  requirements,  although  the  relative  cost  of  chemical  purification 
versus  land  treatment  does  not  appear  to  have  been  gone  into.  The 
works  were  constructed  under  the  supervision  of  L.  E.  Ghapin,  city 
engineer. 

The  plant  was  first  started  in  May,  1893,  since  which  time  all  the 
sewage  of  the  city  has  been  treated.  The  following  analyses,  made  by 
Dr.  Gurtis  G.  Howard,  in  which  the  results  are  stated  in  parts  per 
100,000,  indicate  the  degree  of  purification  effected.  'So.  1  is  the 
average  of  24  samples  of  the  raw  sewage,  and  No.  2  the  average  of  24 
samples  of  effluent  taken  at  the  same  time  as  No.  1. 

Analyse*  of  raw  sewage  and  of  effluent,  at  Canton,  Ohio. 

[Parte  per  100,000.] 


Free  ammoDia 

Albuminoid  ammonia 

Chlorine 

Total  Bolids 


No.l. 


0.894 
.326 
2.14 
49.3 


No.  2. 


0.676 
.112 
2.05 
41 


iBefer  to  Sng.  News,  Vol.  XXXVIII,  AagiiBt  12, 1897. 
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The  cost  of  the  sewage-dispoAal  plant  at  Canton  to  March  15, 1897, 
is  as  follows: 

Land $4,100.00 

CoDstmction 27, 215. 23 

Material 14.70 

Total 31,329.93 

The  cost  of  maintaining  the  works  in  1896  was  as  follows : 

Labor $1,630.00 

Coal 356.76 

Lime 739.63 

Alum 502.75 

Oil  and  waste 33.01 

Filter  sacks 46.68 

General  repairs 61.91 

Miscellaneons 44.50 

New  smokestack 137. 00 

Total  for  year T ^3,552.23 

Fostoria. — The  population  in  J890  was  7,070,  Plans  for  sewage  dis"- 
posal  by  land  purification  were  prepared  in  1895.  As  to  whether  they 
have  yet  been  carried  out  no  information  is  at  hand.  The  conditions 
are  such  as  to  require  pumping  to  the  disposal  field.  Cost  of  disjiosal 
works  is  estimated  as  follows :  ^ 

24i  acres  of  land,  at  $150 $3,675.00 

Preparation  for  beds,  including  underdrainage,  grading,  force  main,  main 

carrier,  and  effluent  drain 6, 425. 00 

Reservoir,  sludge  and  pnmp  well,  necessary  buildings,  boiler,  and  pumps.  14, 920. 00 

Total 25,020.00 

Ennning  expenses  with  coal  as  fuel  are  estimated  at  about  $1,843 
per  year,  without  taking  into  account  the  profit  to  be  realized  from  the 
sale  of  produce  raised  on  the  filter  areas.^ 

Oberlin. — This  place,  which  is  the  site  of  Oberlin  College,  had  a  pop- 
ulation in  1890  of  4,376.  A  sewerage  system,  with  disposal  by  broad 
irrigation,  was  constructed  in  1893.  The  irrigation  field  includes  15 
acres,  purchased  at  a  cost  of  $1,500.  In  1894  the  daily  flow  of  sewage 
varied  from  35,000  to  40,000  gallons.  In  addition  to  broad  irrigation,  9 
filter  beds  have  also  been  prepared,  of  which  3  are  devoted  to  raising 
woodland  rye  grass,  3  to  alfalfa,  and  3  to  corn  and  garden  vegetables. 

The  soil,  which  consists  of  yellow  clay  underlain  at  a  few  feet  by  stifif 
blue  clay,  is  not  specially  favorable  for  sewage  disposal.  As  to  the 
best  methods  of  treating,  such  a  soil,  reference  may  be  made  to  a 
description  of  the  sewage  farm  at  Wimbledon,  England,  in  Water- 
Supply  and  Irrigation  Paper  No.  3.  The  Oberlin  sewage  farm  is  also 
especially  interesting  because  of  the  small  amount  spent  in  preparation. 

1  Refer  to  Canton  Municipal  ReporU  and  Tenth  Ann.  Rept.  Ohio  St.  Bd.  Health,  1885. 
>Befer  to  Tenth  Ann.  Bept.  Ohio  St.  Bd.  Health,  1895. 
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The  following  are  the  figures: 

6,000  feet  of  agricnltural  tile $256 

Tool  house 55 

Gradmg  and  incidentals 166 

Small  pamp  and  tank 42 

Land 1,500 

Total 2,019 

Some  reports  as  to  a  nuisance  at  the  Oberliii  sewage  farm  having 
gained  circulation,  a  committee  of  the  Ohio  State  board  of  health 
inspected  it  in  July,  1895.  In  their  report  the  committee  say  that  no 
just  cause  exists  for  complaint  in  respect  to  the  Oberlin  sewage  farm.^ 

Sewage  disposal  plants  are  also  reported  as  ppojected  at  Bowling 
Green,  Cambridge,  Ohillicothe,  Columbus,  Glenville,  Greenville,  and 
Mansfield,  Ohio. 

MICHIGAN. 

Wayne  County  Poor  Farm. — A  chemical  precipitation  plant,  costing 
about  $10,000,  was  first  operated  at  this  institution  in  1896.  Cost  of 
operation,  including  chemicals  and  attendance,  is  estimated  at  about 
SO  cents  per  capita  per  annum  for  a  population  of  800.^ 

8t.  Johns, — Population  in  1890, 3,127.  A  land-purification  project  has 
been  proposed. 

ILLINOIS. 

Pullman? — ^This  farm  was  laid  out  in  1880  and  1881  by  the  Pullman 
Paface  Car  Company  as  a  means  of  purifying  the  sewage  of  the  model 
town  of  Pullman,  which  is  about  14  miles  south  of  Chicago  and  at 
present  is  included  within  the  limits  of  that  city.  The  population  in 
1893  was  11,000.  The  only  body  of  water  in  the  vicinity  which *could 
possibly  receive  crude  or  raw  sewage  is  Lake  Calumet,  a  lake  about  3 
miles  long,  1^  miles  wide,  and  from  1  to  8  feet  deep.  The  extreme 
shallowness  of  this  lake,  as  well  as  the  absence  of  current,  renders  it 
very  undesirable  as  a  place  for  disposing  of  crude  sewage,  and  the  coun- 
try about  Pullman  is  so  fiat  that  it  was  necessary  to  pump  the  sewage 
to  the  area  selected  for  farming  purposes.  The  area  originally  selected 
comprises  about  1,500  acres,  though  thus  far  only  a  small  part  of  this 
tract  has  been  used.  In  1892,  with  an  average  daily  fiow  of  sewage 
of  about  1,850,000  gallons  in  twenty- four  hours,  the  land  in  actual  use 
did  not  exceed  140  acres. 

Tliis  farm  is  of  special  interest  in  the  present  connection,  because  its 
original  design  recognized  the  principle  of  having  filter  areas  on  which 
any  surplus  sewage  not  needed  for  the  best  results  in  irrigation  could 
be  purified.  It  should  not  be  overlooked  that  reports  have  frequently 
come  from  Pullman  that  the  sewage  was  often  allowed  to  flow  into 

1  Befer  to  Ninth  Ann.  Sept.  Ohio  St.  Bd.  Hoalth,  18d4  and  1896. 

"Refer  to  Eng.  and  Bldg.  Record,  Vol.  XXXIV,  jiuy  11, 1896. 

a  The  use  of  this  farm  for  sewage  disposal  has  recently  been  discontinued. 
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Lake  Oalomet  in  nearly  its  nataral  condition.  On  this  point  it  may 
be.  remarked  that  the  projectors  have  probably  felt  that  little  barm 
was  done  to  anybody  so  long  as  no  nuisance  was  created  in  the  lake 
or  along  its  margins.  The  fact  that  a  portion  of  the  ice  supply  of  Chi- 
cago was  taken  from  Lake  Calumet  during  the  winter  has  been  con- 
sidered with  indifference.  Owing,  therefore,  to  either  inefficient  or 
indifferent  mauagement,  the  Pullman  farm  can  not  be  referred  to  as  a 
specially  successful  example  of  sewage  purification,  although,  from  the 
statements  made,  the  utilization  has  justified  in  a  commercial  way  the 
expectations  of  its  projectors.  The  farm  is  stated  to  have  yielded  in 
some  years  a  net  profit  of  from  8  to  10  per  cent.  The  designing  engi- 
neer, Benezette  Williams,  of  Chicago,  is  entitled  to  the  credit  of  having 
made  his  design  sixteen  years  ago  in  line  with  what  is  universally 
considered  to  be  the  best  practice  of  the  present  day. 

The  soil  at  Pullman  is  the  ordinary  prairie  black  alluvium,  about  1 
foot  in  depth,  and  mostly  underlain  by  a  clay  subsoil.  It  is  therefore 
not  the  most  favorable  for  utilizing  a  large  volume  of  sewage  on  a  small 
area.  From  what  has  been  learned  in  regard  to  this  farm,  it  is  the 
author's  opinion  that  a  considerably  larger  area  should  be  used.  With 
this  improvement,  as  well  as  some  additions  to  the  filter  area  in  order 
to  afford  sufficient  relief  in  wet  weather,  it  is  believed  that  sewage 
farming  can  be  made  very  successful  at  Pullman,  from  the  points  of 
view  of  both  purification  and  utilization. 

The  underdrains  are  of  common  agricultural  tile,  laid  about  40  feet 
apart  to  an  average  depth  of  about  4^  feet.  The  most  satisfaetory 
crops  are  cabbage,  cauliflower,  celery,  and  other  vegetables  common  to 
market  gardening.  For  some  reason  the  raising  of  potatoes  has  not 
beenr  successful  on  this  farm.  Italian  rye  grass  is  also  reported  as 
unsuited  to  the  conditions,  but  whether  the  difficulty  is  due  to  climate 
or  soil,  or  both,  is  unknown.  Very  little  live  stock  is  kept,  because 
market  gardening  for  the  Chicago  market  is  more  profitable.  During 
the  growing  season  about  forty  laborers  are  employed  at  the  current 
rates  of  common  labor  in  the  vicinity  of  Chicago. 

The  distribution  of  sewage  at  Pullman  is  effected  by  the  pipe-and- 
hydrant  system.  For  this  purpose  vitrified  tile  pipes,  tested  by  water 
pressure  before  laying,  have  been  successfully  used. 

The  foregoing  short  account  of  the  Pullman  sewage  farm  is  given 
here,  not  because  it  is  an  example  of  ttie  best  work  in  sewage  utiliza- 
tion, but  because  it  was  the  first  large  sewage  farm  in  the  Unite^l 
States,  and  because,  further,  it  was  designed  in  accordance  with  the 
now  universally  recognized  principle  of  intermittent  filtration  relief 
areas.  In  view  of  the  large  experience  gained  elsewhere,  failure  to 
purify  the  sewage  efficiently  at  all  times  must,  as  has  already  been 
pointed  out,  be  attributed  to  the  management  rather  than  to  the  method. 
Under  this  head  it  may  be  remarked  that  thus  far  the  American  farms, 
generally  speaking,  have  not  realized  their  full  agricultural  capacity 
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by  reason  of  defects  in  management.  We  need  to  develop  here,  as 
there  have  been  developed  abroad,  a  class  of  sewage-farm  managers  who, 
having  made  a  specialty  of  this  method  of  farming,  shall  be  not  only 
informed  as  to  details  bat  qualified  to  meet  emergencies. 

As  regards  sewage-purification  works  owned  and  operated  by  towns, 
it  may  be  said  that  the  entire  separation  of  the  management  of  the 
works  from  local  politics  will  be  the  first  necessary  step  toward 
increased  efficiency. 

WorlcPs  Fair. — The  sewage  of  the  World's  Columbian  Exposition,  in 
1893,  was  purified  by  mechanical  precipitation  before  discharged  into 
Lake  Michigan.  The  plant  assigned  for  this  purpose  embodied  the 
method  of  vertical  tanks,  an  illustration  of  which  may  be  found  at 
page  556  of  Sewage  Disposal  in  the  United  States.* 

This  plant  was  placed  in  charge  of  Mr.  Allen  Hazen,  who  made 
extensive  studies  as  to  its  efficiency.  The  daily  quantity  of  sewage 
treated  varied  from  about  6  million  to  9  million  gallons.  The  total  cost 
of  treatment  per  million  gallons  was  $38.09.  The  works  cost  about 
$55,000,  of  which  $20,000  was  for  the  building. 

The  cost  of  the  chief  precipitant  used  varied  from  $20.40  to  $47  per 
ton.  Mr.  Hazen's  results  are  given  in  considerable  detail,  but  can  not 
be  frirther  gone  into  here.  On  the  whole  his  report  is  adverse  to  the 
efficiency  of  the  process.' 

WISCONSIN. 

Meriaminee  Valley. — The  sewage-disposal  plants  in  Menominee  Val- 
ley have  been  described  on  page  24,  in  connection  with  the  discussion 
of  purification  of  manufacturing  wastes.  They  include  Schmidt's 
Curled  Hair  Works,  McBride's  Sanitarium,  the  National  Soldiers' 
Home,  the  public  institutions  of  Milwaukee  County,  and  the  MiUer 
Brewing  Company.^ 

MINNESOTA. 

Itoch€8ter  Hospital  far  the  Insane. — Sewage  disposal  by  chemical  pre- 
cipitation supplemented  by  intermittent  filtration  was  first  operated  at 
this  State  institution  in  1890.  The  population  of  the  hospital  is  stated 
at  about  1,050  x)ersons,  with  a  total  sewage  flow  of  60,000  gallons  a  day. 
The  sewage  first  flows  to  tanks  of  sufficient  capacity  to  handle  75,000 
gallons  a  day,  from  which,  after  treatment  with  chemicals,  the  effluent 
is  pumped  to  a  filtration  area  with  about  16  inches  of  surface  lo^m, 
below  which  is  sand  and  gravel.  This  area  is  underdrained  with  3-inch 
tile  laid  in  lines  about  25  feet  apart.  In  spite  of  the  low  winter 
temperature  of  Minnesota,  it  is  stated  that  no  trouble  has  been  experi- 
enced in  securing  sufficient  winter  purification.    The  sewage  probably 

1  Additional  illastratioiis  of  this  plant  are  given  in  Eng.  News,  Vol.  XX,  August  8, 1893. 
*  The  full  reenlta  of  Mr.  Hazen's  studies  of  the  World's  Columbian  Exposition  sewage-disposal 
plant  nay  be  found  in  the  Twenty-fifth  Ann.  Kept.  Mass  St.  Bd.  Health,  1883. 
s  Befer  to  Eng.  News,  Vol.  XXXITT,  June  13, 1895,  and  Sixteenth  Bept  Wis.  St  Bd.  Health,  1895-96. 
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reaches  the  precipitatiou  tauk  in  cold  weather  with  a  temperature  of 
about  450  F.i 

*    NEBRASKA. 

Hastings. — Population  in  1890,  13,584.  Stated  present  population, 
15,000  to  18,000.  A  sewage  farm  of  about  70  acres  was  carried  out  in 
1891  or  1892.  The  soil  of  this  farm  is  open  and  porous,  and,  so  far  as 
known,  has  not  been  underdrained.  ISTo  information  is  at  hand  as  to 
the  success  experienced  in  cropping.^ 

COLORADO. 

Colorado  Springs. — Population  in  1890,  11,140.  A  sewerage  system 
was  carried  out  in  1888  and  a  sewage  farm  in  1889.  Soon  after  opening 
the  sewage  works  a  ranchman  living  2  miles  below  the  outfall,  which  is 
into  a  small  stream  with  a  normal  flow  of  about  50  cubic  feet  per  second 
and  at  times  with  no  flow  at  all,  instituted  injunction  proceedings,  claim- 
ing that  his  well  was  so  polluted  as  to  render  the  water  unfit  for  drink- 
ing, and  that  the  water  in  his  irrigating  ditch,  of  which  the  head  gate  is 
about  three-quarters  of  a  mile  below  the  sewer  outfall,  was  so  foul  that 
stock  would  not  drink  it.  The  matter  was  arbitrated  and  the  suit  with- 
drawn, the  city  paying  all  costs  of  proceedings  and  agreeing  to  divert 
the  sewage  and  utilize  it  for  irrigation. 

A  contract  was  then  made  between  the  city  and  the  owner  of  a  tract 
of  about  35  acres  of  land  upon  which  the  sewage  could  be  conveniently 
diverted  by  gravity,  the  city  agreeing  to  pay  $300  annually  for  five 
years,  and  the  owner  on  his  part  agreeing  to  use  the  sewage  for  irriga- 
tion purposes  in  such  manner  as  he  deemed  best,  provided,  however, 
that  the  sewage  be  prevented  from  flowing  directly  into  the  creek,  and 
provided  farther,  that  if  the  method  of  irrigation  was  not  satisfactory 
to  parties  on  the  stream  below,  the  city  should  take  possession  of  the 
land  and  use  such  methods  as  it  thought  best.  At  the  expiration  of 
the  contract  the  city  was  to  have  the  option  of  buying  the  land  at  a 
stipulated  price.  Whether  or  not  this  has  been  done  is  not  known.  The 
irrigation,  however,  is  said  to  have  been  very  successful.  In  1892  sew- 
age was  used  on  25  acres — 15  acres  in  meadow  and  alfalfa  and  10  acres 
in  vegetables.  The  crops  produced  have  been  very  large,  and  owing  to 
close  proximity  to  market  the  farm  is  said  to  be  a  paying  investment. 

As  illustrating  the  demand  for  water  in  this  section,  it  is  stated  that 
farmers  several  miles  below  the  sewer  outfall,  seeing  the  sewage  farm 
well  supplied  with  water  at  times  when  their  farms  were  suffering  from 
shortage,  have  threatened  to  enjoin  the  city  from  using  the  sewage  for 
this  purpose,  and  thus  compelling  it  to  turn  the  sewage  into  the  stream 
for  their  benefit.^ 

Leadville. — Population  in  1890, 10,634.    The  sewerage  system  of  this 


1  Refer  to  Sixth  Biennial  Rept.  of  Trnsteee,  1890,  Eng.  and  Bldg.  R«od.,  Vol.  XXTTT,  and  Sewage 
Disposal  in  the  Unit«d  States. 
*  Refer  to  Eog.  News,  Vol.  XXIX,  March  9, 1893,  and  Sewage  Dlspoaal  in  the  United  States, 
s Refer  to  Bng.  News,  Vol.  XXTX,  February  23, 1893,  and  Sewage  Diapoaal  in  the  United  States. 
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place  was  built  in  1886  by  the  Leadville  Sewerage  Company.  The 
original  sewage-disposal  works  as  constracted  by  this  company  included 
a  sand  and  gravel  filter  about  6  or  7  feet  deep,  with  a  surface  area  of  24 
square  feet.  Whetlier  this  extensive  sewage-disposal  plant  is  still  in 
use  is  not  known. 

Trinidad. — Population  in  1890,  5,523.  A  sewerage  system  was  first 
oi>erated  in  1892.  Sewage  is  first  received  in  a  settling  tank  50  feet 
long,  5  feet  wide,  and  4  feet  deep,  from  which  it  flows  upon  land.  To 
the  end  of  1892  about  $  1 ,200  had  been  expended  in  preparing  the 
irrigation  area  to  receive  sewage.  Blue  grass  was  originally  proposed 
as  a  crop  on  the  farm,  because  it  was  supposed  that  this  grass  would 
stand  more  frequent  irrigation  than  any  other  crop.  A  private  party 
owns  the  irrigation  area,  on  which  the  city  delivers  the  sewage  and 
pays  $500  a  year  to  the  owner. 

MONTANA. 

Helena. — The  population  in  1890  was  13,134.  A  sewerage  system 
was  first  operated  in  1889.  At  this  place  the  sewage  is  utilized  only 
in  the  growing  season.  During  times  when  the  ground  is  so  frozen, 
that  there  is  no  absorption,  sewage  flows  in  natural  channels  upon  the 
surface.  The  lower  end  of  the  outfall  sewer  connects  directly  with  the 
distributing  ditches  of  the  farm,  which  includes  40  acres  of  land,  pur- 
chased for  86,100.  It  is  leased  at  an  annual  rental  of  (200.  Crops 
raised  are  vegetables  and  nursery  stock. 

UTAH. 

Salt  Lake  City. — Population  in  1890,  44,843.  A  sewage  farm  was 
carried  out  at  this  place  under  the  direction  of  F.  0.  Kelsey,  city  engi- 
neer, in  1895  and  1896.  The  daily  flow  of  sewage  is  stated  at  4,000,000 
gallons.  In  addition  storm  water  to  the  amount  of  15,000,000  gallons  per 
day  may  be  expected  at  different  times.  The  land  acquired  by  the  city 
amounts  to  183  acres,  of  which  80  acres  have  been  plowed  and  are  under 
cultivation  in  1897.  It  fronts  on  the  Jordan  River  and  the  main  ditch 
is  extended  to  the  stream,  so  that  when  the  outfall  sewer  is  running  full 
the  flow  can  be  diverted  directly  to  the  river  without  passing  over  the 
land.     Settling  basins  to  the  extent  of  30  acres  have  been  prepared. 

Sewage  was  first  delivered  on  the  farm  on  July  11, 1896.  Ko  crops 
were  planted  that  year  except  5  acres  of  corn  for  fodder.  It  is  intended 
to  improve  the  farm  by  erecting  buildings,  planting  shade  trees  along 
the  highways,  and  an  orchard  of  6  acres,  which  is  too  high  for  irrigation, 
but  thus  far  the  money  has  not  been  furnished  for  these  improvements. 

The  results  of  this  extensive  sewage  irrigation  at  Salt  Lake  City  will 
be  looked  for  with  interest,  the  more  especially  as,  when  the  sewage 
farm  was  first  proposed,  it  was  thought  that  neighboring  farmers  would 
be  willing  to  take  the  sewage  for  irrigation,  because  all  land  at  Salt  Lake 
City  necessarily  requires  iirigation.  The  farmers,  hot^ever,  refused  to 
take  it,  mainly,  it  is  said,  from  ignorance,  thinking  it  would  damage  the 
IBB  22 6 
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crops,  clog  the  ground,  and  be  otherwise  injurious.  It  was  for  this 
reason  that  the  city  embarked  in  sewage  farming.^ 

The  total  cost  of  the  sewage  farm  to  January  1, 1897,  was:  Land, 
W4,763.45;  plowing,  $273.42;  preparation  of  surface,  etc.,  $3,452.64; 
total,  $18,489.51. 

The  total  cost  of  handling  the  sewage  for  the  last  six  months  of  1896 
was  $683.36.  Assuming  an  average  of  4,000,000  gallons  a  day,  this 
would  be  at  the  rate  of  about  93  cents  per  million  gallons  handled  for 
the  six-months  period.  Probably  when  the  sewage  farm  is  in  full  oper- 
ation the  cost  will  be  greater,  but  it  will  be  met  by  sale  of  crops. 

ARIZONA. 

Phcenix. — Population  in  1890,  3,152.  The  waterworks,  sewerage,  and 
sewage  disposal  at  this  place  are  all  owned  by  the  Arizona  Water 
Works  and  Sewage  Company.  According  to  the  information  at  hand, 
160  acres  of  land  have  been  provided  for  a  sewage  farm,  on  which  sewage 
is  largely  used  for  irrigating  garden  truck  by  Chinese  gardeners.  The 
results  are  understood  to  be  satisfactory.  A  view  of  an  irrigated  field 
will  be  found  in  PI.  YII. 

CALIFORNIA. 

Fre^Tio. — Population  in  L890,  10,818.  Sewers  were  constructed  in 
1889.  In  1890  a  contract  was  made  with  Alexander  McBean,  of  Oak- 
land, to  take  the  sewage  and  purify  it  by  irrigation,  the  city  paying 
therefor  $5,000  per  year.  Mr.  McBeau  purcha&ed  80  acres  of  land  at 
the  outfall,  and  during  the  first  year  the  sewage  ran  upon  it  without 
special  attention  or  care,  except  when  some  neighbor  saw  fit  to  take  it 
for  irrigation.  The  second  year  distribution  ditches  were  constructed 
and  the  land  leased  to  Chinese  gardeners  for  vegetable  gardens  and 
vineyards.  The  land  is  m>w  all  under  cultivation  with  the  various 
kinds  of  vegetables  commonly  in  the  market,  such  as  potatoes,  yams, 
parsnips,  lettuce,  celery,  beans,  peas,  and  com.  Statements  as  to  the 
amount  of  sewage  are  lacking.^ 

Los  A'ngeles, — Sewage  irrigation  at'  Los  Angeles  is  of  considerable 
interest,  because  the  most  extensive  sewage  farming  by  private  owners 
in  the  United  States  is  practiced  there.  The  population,  according  to 
the  census  of  1890,  was  50,395.  In  1894  a  conservative  estimate  placed 
it  at  70,000. 

Los  Angeles  is  built  upon  both  sides  of  a  torrential  stream,  Los 
Angeles  Eiver,  at  a  point  about  20  miles  from  its  mouth,  and  at  a  dis- 
tance of  about  12  miles  from  the  Pacific  Ocean.  Sewage  irrigation 
here  was  originally  carried  on  by  a  private  company,  which  took  the 
sewage  as  delivered  from  the  main  outfall  sewer  and  conveyed  it  by 
ditches  to  an  area  on  which  it  was  utilized  in  agriculture  as  required 
on  various  small  tracts,  the  surplus  being  allowed  to  flow  away  into 


1  Refer  to  the  Salt  Lake  City  Mnnioipal  Kept,  for  1896,  and  Eng.  News,  Vol.  XXXVII,  ICaroh  18,  1807. 
*  Refer  to  Sewage  nisposal  in  the  United  States. 
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the  stream  anpnrified.  In  the  course  of  time  the  area  originally  irri- 
gated became  city  property,  and  a  large  portion  of  it  having  been  sold 
for  residence  sites,  many  of  the  landowners  objected  to  sewage  irriga- 
tion and  obtained  injunctions  restraining  its  use  in  this  way.  Accord- 
ing to  the  statements  made  there  was  at  one  time  considerable  nuisance 
from  the  sewage  irrigation.  The  ditches  were  not  kept  clean,  and  under 
the  hot  sun  of  southern  California  they  gave  forth  a  strong  odor.  The 
objection  was  also  made  that  sewage  irrigation  was  detrimental  to  the 
health  of  the  community,  but  so  far  as  can  be  learned  no  facts  have 
ever  been  produced  to  support  this  objection. 

The  sewage  has  been  mostly  used  in  growing  vegetables  for  the  Los 
Angeles  market,  and,  according  to  the  statements  made,  its  commercial 
value  for  such  purpose  has  been  considerable. 

As  the  result  of  several  years'  discussion  the  city  of  Los  Angeles  has 
recently  constructed  a  main  outfall  sewer  leading  to  the  Pacific  Ocean, 
along  the  line  of  which  numerous  valves  have  been  placed,  as  is  done 
at  other  places  where  successful  sewage  irrigation  has  been  practiced, 
not  only  for  drawing  off  the  sewage  for  use  in  agriculture,  but  for  re- 
stricting its  use  to  such  times  as  it  may  be  needed. 

The  soil  for  a  considerable  portion  of  the  distance  along  the  main 
sewer  is  light  and  sandy  and  especially  adapted  to  successful  sewage 
purification,  and  it  is  believed  that  a  considerable  use  of  sewage  for 
this  purpose  will  be  developed  soon. 

In  1895  and  1896  a  total  area  of  about  1,550  acres  was  irrigated 
along  the  line  of  the  new  outfall  sewer,  the  amount  of  sewage  used 
ux>on  this  acreage  varying  from  8  to  10  cubic  feet  per  second.  An 
area  of  800  acres  near  the  city  is  mainly  devoted  to  raising  vegetables. 
The  balance  was  planted  in  corn  and  other  fall  crops,  among  which 
were  about  100  acres  in  potatoes  and  cabbage.  According  to  the 
rex>orts  of  the  city  engineer  for  the  years  1895  and  1896,  the  following 
revenue  was  realized  from  the  sale  of  sewage: 

Revenue  reaUeed  from  the  sale  of  sewage  at  Los  Angeles,  California,  in  1895  and  1896, 


• 


1895. 

Receipts  from  the  sale  of  sewage $3, 278. 00 

MaiDtenance : 

Salary  of  supermtendent $1,000.00 

AsBistance  and  labor 625. 47 

RepalTB;  etc 512. 50 

2,137.97 

Net  leveiiae 1,140.03 

1896. 

Beceipts  from  sale  of  sewage $4,009.60 

MainteDance : 

Salary  of  superintendent $1,200.00 

Assistance  and  labor 1,675.40 

BepairB,eto 184.80 

3,060.20 

Net  revenue ,.        949.30 
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In  1883  the  'city  of  Los  Angeles  entered  into  contract  with  the  Sonth 
Side  Irrigation  Oompany,  obligating  itself  to  give  to  said  company  all 
the  sewage  flowing  through  the  San  Pedro  street  sewer,  amounting  to 
about  3.58  cubic  feet  per  second.  In  October,  1895,  a  second  contract 
was  made  with  the  same  company,  whereby  the  city  agreed  to  deliver 
until  the  expiration  of  the  former  contract  an  additional  quantity  of 
2.39  cubic  feet  per  second,  or  a  total  until  1903  of  a  little  less  than  6 
cubic  feet  per  second.  In  consideration  of  the  last  amount  the  com- 
pany has  laid  a  24-iuch  cement  pipe,  G,000  feet  of  which  lies  within  the 
city  limits  and  which  will  become  the  property  of  the  city  in  1903. 
The  company  also  has  the  right  to  use  an  additional  quantity  of  sew- 
age by  paying  the  prevailing  price  for  it,  which  during  the  height  of 
the  irrigation  season,  in  April  and  May,  has  been  placed  at  $8  per 
twenty-four  hours  for  2  cubic  feet  per  second.  The  rate  is  also  made 
$5  for  a  day  run  of  twelve  hours  and  $3  for  a  night  run,  to  suit  the 
convenience  of  the  irrigators. 

The  sewage  now  controlled  by  the  South  Side  Irrigation  Company  is 
mainly  used  for  irrigating  about  2,200  acres  of  land  devoted  to  vegetable 
gardening.  The  sewage  is  distributed  throughout  the  land  irrigated 
by  ordinary  open-earth  ditches.  This  land  now  pays  an  annual  rental 
of  $12  per  acre  for  river- water  irrigation  and  $18  per  acre  for  sewage 
irrigation,  or  $6  per  acre  in  favor  of  the  sewage. 

On  sandy  soil  with  good  subdrainage  the  South-Side  Irrigation  Com- 
pany now  irrigate  successfully  during  the  whole  year.  Experience  has 
shown  that  when  not  actually  needing  the  sewage  for  irrigation  it  is 
better  to  flood  the  land  than  to  permit  the  sewage  to  go  to  waste.* 

Pasadena. — Population  in  1890,  4,882.  Sewers  were  constructed  from 
1887  to  1891,  and  a  city  sewage  farm  was  brought  into  operation  in 
1893.  Its  soil  is  a  light  sandy  loam,  with  good  natural  drainage,  and 
includes  at  the  present  time  an  area  of  800  acres.  The  flow  of  sewage 
is  estimated  at  about  3  cubic  feet  per  second.  According  to  statements 
of  Mr.  Burr  Bassell,  of  the  300  acres  actually  owned  by  the  city,  140 
are  used  for  raising  grain  and  have  never  been  irrigated.  Sewage  has 
been  used  upon  the  remaining  cultivated  area  as  follows:  Walnut 
orchard  (4  years  old),  60  acres;  alfalfa,  25  acres;  corn,  25  acres;  vege- 


>  In  a  paper  by  Mr.  Barr  BaAnell,  depaty  city  engineer  of  Los  Angeles,  on  the  Operation  of  tbe 
Los  Angeles  outfall  sewer  and  sewage  irrigation,  which  appeared  in  the  Joomal  of  the  Association 
of  Engineering  Societies  for  August,  1897,  many  additional  interesting  detail*  may  be  found.  In  tho 
discussion  of  Mr.  Burr  Bassell's  paper,  James  D.  Schuyler,  a  leading  California  irrigation  engineer, 
pointed  out  that,  in  view  of  the  conspicuous  success  achieved  in  sewage  farming  abroad,  the  policy  of 
constructing  an  outfall  newer  to  the  ocean  must  be  regarded  as  questionable,  partioularly  in  aontbern 
California,  whore  the  soil  and  climatic  conditions  are  all  extremely  favorable  for  sucoeaaful  sewage 
farming.  Mr.  Schuyler  expressed  the  hope  that  in  the  future  growth  of  Los  Angeles,  when  the  capac- 
ity of  the  present  outfall  has  been  reached,  extension  of  the  system  would  be  made  in  the  line  of  ntil- 
ization  by  irrigation  and  the  establishment  of  a  city  sewage  farm  rather  than  in  the  duplioation  of 
the  present  sower  to  the  ocean.  Mr.  Schuyler  gave  a  large  amount  of  valuable  information  as  to  th« 
comparative  cost  of  river  water  and  sewage  irri  j::ation  in  the  vicinity  of  Los  Angeles. 

In  addition  to  Mr.  Bassell's  paper,  refer  to  Report  of  a  board  of  engineers  upon  the  disposal  of  the 
sewage  of  Los  Angeles,  ete.,  1889,  Eng.  News,  Vol.  XXIX,  Febmary  23,  1803,  and  Sewage  Dispoeal  in 
the  United  States. 
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tables,  potatoes,  etc.,  50  acres.    The  farm  is  self-sastaining,  cost  for 
maintenance  and  revenue  being  each  about  $2,500  per  annam. 

The  experience  at  Los  Angeles  dud  Pasadena  seems  to  be  conclusive 
that  there  is  no  valid  objection  to  the  use  of  sewage  for  the  irrigation 
and  growth  of  all  kinds  of  agricultural  products.  It  is  apparently  a 
question  merely  of  prox>er  application.^  As  showing  the  immense 
advantage  of  sewage  disposal  in  the  vicinity  of  Pasadena,  it  may  be' 
mentioned  that  bare  land  is  worth  at  least  $100  an  acre  without  water, 
while  watered  land  is  held  at  about  $600  an  acre.  The  Pasadena  sew- 
age farm  originally  cost  $125  an  acre,  or  a  total,  including  some  extra 
expenses,  of  about  $40,000.^ 

Redding. — Population  in  1890, 1,821.  A  separate  sewerage  system 
was  built  by  the  town  in  1889.  Bassett  &  Eouhey,  of  Sacnunento,  the 
contractors  for  the  sewage  work,  entered  into  an  agreement  to  dispose 
of  the  sewage  for  forty  years.  For  this  purpose  they  purchased  a 
tract  of  about  100  acres  of  land  and  prepared  a  portion  of  it  for  the  utili- 
zation of  sewage  by  irrigation.  The  area  selected  is  comparatively 
level,  with  the  soil  a  sandy  and  gravelly  loam  4  to  6  feet  deep,  under- 
lain by  gravel.  The  sewage  is  applied  directly  to  the  land,  either  by 
running  in  furrows  between  rows  or  by  spreading  over  the  surface, 
according  to  the  special  requirements  of  each  crop.  The  chief  crops 
raised  are  corn,  asparagus,  potatoes,  turnips,  beets,  and  other  garden 
truck.  It  has  also  been  used  for  orchards  and  nursery  stock.  When 
used  in  this  manner  the  trees  were  irrigated  between  the  rows.* 

San  Luis  Obispo. — Population  in  1890,  2,995.  Plans  for  sewage  dis- 
posal by  broad  irrigation  and  intermittent  filtration  were  prepared 
about  1888.  No  information  is  at  hand  as  to  whether  or  not  they  have 
been  carried  out.^ 

Santa  Rosa. — Population  in  1890, 5,220.  Complaints  of  the  pollution 
of  the  creek  into  which  the  sewage  of  the  town  was  originally  dis- 
charged, followed  by  a  lawsuit,  led  to  the  purchase  by  the  city  of  18  or 
19  acres  of  land  on  which  the  sewage  has  been  purified  since  about 
1889.  The  farm  is  leased  to  tenants,  who  take  care  of  the  sewage  as 
rental,  using  it  for  gardening  purposes. 

Stockton. — Population  in  1890,  14,224.  The  sewage  of  this  place  is 
stated  to  be  used  for  irrigating  purposes,  but  to  what  extent  is 
not  known. 

DOMINION  OF  CANADA. 

Berlin. — Berlin  is  the  county  seat  of  Waterloo  County,  and  according 
to  the  census  of  1891  had  a  population  of  7,425.  The  chief  industries 
of  the  town  are  manufacturing  establishments,  among  which  are 
included  a  large  tannery  and  a  glue  factory.    A  public  water  supply 


iKefer  to  Bnrr  fiaasell's  }»per  in  Joar.  of  Abboc.  of  £ng.  Socs.,  Vol.  XIX,  Auguat,  1897;  and  to 
Sewage  Disposal  in  the  tTnited  States. 

*  Safer  to  Sewage  Bisposal  in  the  United  States. 

*  Befer  to  Colonel  Waring's  Sewerage  and  Land  Drainage,  1889. 
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was  built  in  1888.  Construction  of  sewers  began  in  1892,  and  in  March, 
1893,  the  actual  quantity  of  sewage  was  about  50,000  gallons  per 
day,  diluted  by  some  75,000  gallons  of  subsoil  water,  making  q*  total  of 
125,000  gallons  in  all.  A  sewage  farm  was  completed  in  the  fall  of  1892 
and  first  brought  into  use  in  1893.  In  January,  1893,  the  temperature 
of  the  sewage  as  it  arrived  at  the  farm  was  found  to  be  48^  F.  The 
tsivm  is  located  a  mile  south  of  the  closely  built-up  section  of  the  town. 
A  stream,  with  a  summer  flow  of  about  200  cubic  feet  per  minute, 
passes  through  the  farm  and  receives  the  efliuent. 

The  field  purchased  by  the  town  for  sewage-disposal  purposes  has  an 
area  of  20  acres,  about  an  acre  of  which  is  included  in  the  stream. 
The  total  area  aside  from  the  stream  can  easily  be  used  for  sewage 
farming  by  slight  grading,  as  the  greatest  elevation  is  only  3  feet  above 
the  end  of  the  outfall  sewer.  The  surface  soil  is  loam  or  sand,  and  the 
subsoil  is  of  gravelly  clay. 

The  designing  engineer  recommended  that  Italian  rye  grass  be  raised 
OD  the  two  north  divisions  of  the  farm,  and  on  the  remainder  mangolds 
and  other  root  crops,  onions,  oats,  and  clover.  On  the  lowlands  bor- 
dering the  stream  it  is  proposed  to  raise  osiers,  they  having  been  raised 
with  profit  in  Brantford,  where  dependence  is  had  upon  the  freshets  of 
the  Grand  Elver  for  irrigation.  It  is  stated  that  the  farm  is  suitably 
arranged  for  every  known  system  of  irrigation  and  every  variety  of 
crops.  This  farm  is  interesting  from  the  fact  that,  as  at  the  Groyden- 
Beddington  farm,  no  settling  tank  has  been  provided,  preference  being 
given  to  the  application  of  the  solid  matter  directly  to  the  land,  where 
it  can  be  dug  in  or  raked  off,  as  may  be  found  most  desirable.  When 
in  the  course  of  time  the  amount  of  sewage  has  increased  so  that  it 
exceeds  the  capacity  of  the  farm  for  disposal  by  broad  irrigation,  it  is 
proposed  to  construct  filter  areas  at  the  south  end,  where  gravel  may 
be  obtained  within  reasonable  distance.  The  20  acres  purchased  cost 
$2,000,  and  the  cost  of  grading  and  underdraining  the  7  acres  already 
prepared  was  about  $3,000,  the  underdraining  sCnd  grading  having  cost 
at  this  rate  a  little  over  $400  per  acre. 

The  results  of  cropf)ing  at  Berlin  are  stated  to  have  been  substan- 
tially as  follows:  In  1894,  2,000  cabbage  plants  were  set  on  about  one- 
half  an  acre  of  land,  of  which  1,500  grew  to  marketable  heads  and  were 
sold  at  the  usual  market  price  of  3  cents  each.  The  cabbages  were 
irrigated  regularly  and  grew  well.  No  attempt  was  made  to  hoe  around 
them  or  hill  them  up,  the  surface  of  the  ground  being  left  entirely 
smooth. 

The  cultivation  of  Italian  rye  grass  at  Berlin  does  not  seem  to  have 
been  successful.  The  rye-grass  seed  was  sown  broadcast  and  soon 
came  up,  covering  the  ground  with  a  mass  of  roots  which  are  stated  to 
have  very  much  retarded  the  absorption  of  sewage.  This  experiment 
was  made  on  a  filter  bed  in  a  manner  quite  different  from  the  ordinary 
practice  of  rye-grass  cropping  abroad.    A  chief  difficulty  of  this  trial 
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appears  to  have  been  an  improper  preparation  of  the  land,  depressions 
being  left  into  which  the  sewage  settled  and  which  soon  became  foul. 
Abroad,  on  the  contrary,  this  crop  is  not  raised  on  beds  at  all,  but  on 
land  so  prepared  as  to  avoid  pondage  of  the  sewage;  besides  this,  the 
amoant  of  sewage  applied  is  regulated  to  the  necessities  of  the  crop 
and  to  the  qnalfty  of  the  land,  whereas  at  Berlin,  so  far  as  can  be 
learned,  the  sewage  applicatioQ  was  made  without  special  reference  to 
the  conditions.  Under  these  circumstances  the  failure  at  Berlin  can 
apparently  have  no  other  significance  than  to  illustrate  an  erroneous 
method  of  procedure. 

In  1895  a  large  area  was  devoted  to  cabbage,  but  by  reason  of  a  late 
frost  many  of  the  plants  were  killed.  Later  the  cabbages  were  reset 
and  the  seeds  of  onions,  carrots,  mangolds,  corn,  and  beans  were  planted. 
These  crops  are  stated  to  have  all  done  well  except  the  corn  and  beans. 
The  following  is  a  detailed  statement  of  the  sale  of  produce  from  the 
Berlin  farm  in  1895,  as  compiled  from  the  proceedings  of  the  committee 
of  the  town  council  in  charge  of  the  farm: 

AngoBt,  1,217  heads  cabbage,  at  2^  cents $30 

September,  1,771  heads  cabbage,  at  2^  cents 44 

October,  2,272  heads  cabbage,  at  2^  cents 57 

October,  134  bnshels  carrots,  at  15  cents 20 

October,  648  bushels  carrots,  at  15  cents 97 

Com  (failure) 7 

Pease  (not  irrigated  to  any  extent) 15 

KoYember,  1,350  heads  cabbage,  at  2^  cents 34 

Total 304 

In  addition  to  the  foregoing,  150  kegs  of  sauerkraut^  of  50  x)ounds 
each,  were  made  from  cabbage  not  sold  in  the  head.  These  were  held 
at  $3  per  keg. 

The  mangolds  yielded  648  bushels  from  one-half  an  acre,  giving  at 
this  rate  the  enormous  yield  of  1,296  bushels  per  acre.  Those  raised 
were  easily  sold  to  farmers  for  feeding  stock.  The  experience,  so  far 
as  gained  at  Berlin,  indicates  that  mangolds  will  stand  very  heavy 
dosing  of  sewage.^ 

In  1896,  complaints  having  been  made  by  the  local  board  of  health 
of  Waterloo  Township  to  the  effect  that  the  sewage  of  Berlin  was 
creating  a  nuisance  in  Berlin  Greek,  the  matter  was  investigated  by  a 
committee  of  the  board,  which  reported  in  effect  that  the  farm  had 
been  managed  on  more  economical  lines  than  was  desirable,  such  mis- 
placed economy  being  the  chief  cause  of  the  nuisance  complained  of. 
From  this  point  of  view  the  committee  of  the  Provincial  board  sug- 
gested that  the  town  council  and*  local  board  of  health  of  Berlin  be 
instructed  to  adopt  sufficient  and  adequate  means  whereby  the  whole 
sewage  of  the  town  could  be  applied  on  the  beds  in  succession  and 
completely  purified  before  flowing  to  the  creek.    After  making  several 

I  Befer  to  Sng.  Newt,  VoL  XXTY,  April  6, 1803,  and  Vol.  XXXV,  June  11, 1896;  and  to  Sept.  Prov. 
Bd.  Heiath,  18M. 
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other  recommendations  the  committee  concluded  its  report  with  the 
statement  that  the  farm  could  be  made  productive  without  there  bein^ 
any  reasonable  ground  for  complaint. 

Hamilton. — ^Purification  works  by  chemical  precipitation  have  been 
approved  for  this  place  by  the  Provincial  Board  of  Health.  In  order  to 
insure  efficient  operation,  a  committee  of  the  Provincial  board  which 
examined  the  plans  in  October,  1896,  reported  that  in  its  opinion  the 
management  of  the  works,  when  constructed,  should  be  left  to  the  care 
and  supervision  of  the  city  engineer,  who  should  also  be  made  responsi- 
ble for  the  subordinate  engineer  in  charge.  The  committee  believed 
that  with  such  management  an  effluent  can  be  poured  into  Hamilton 
Bay  of  a  imrity  compatible  with  the  best  interests  of  the  public  health. 
The  works  are  under  construction  at  the  present  time. 

London. — It  is  understood  that  plans  for  sewage  disposal  by  inter- 
mittent filtration  are  about  to  be  carried  out  at  this  place.  The  land 
selected  for  the  disposal  fields  is  sandy  and  stated  to  be  well  adapted 
for  the  purpose. 

London  Hospital. — The  works  at  London  Hospital  were  constructed 
in  1888  and  1889  under  the  general  direction  of  the  architect  in  chief  of 
the  Ontario  department  of  public  works. 

Previous  to  the  construction  of  the  disposal  works  the  sewage  from 
the  hospital  debouched  into  a  small  stream  tributary  to  the  south 
branch  of  the  Thames  River,  which  fiows  through  the  city  of  London. 
The  drainage  area  of  this  stream  is  so  small  that  it  becomes  nearly  dry 
duriug  the  summer.  The  population  of  the  hospital  is  over  1,000,  and 
the  daily  amount  of  sewage  60,000  gallons.  It  became  necessary, 
therefore,  that  some  method  of  disposal  be  used  other  than  of  allowing 
the  flow  of  raw  sewage  into  the  brook.  The  plan  as  carried  out 
involves  the  flow  of  sewage  into  a  receiving  tank,  from  which  it  is 
pumped,  as  required,  onto  the  disposal  area  of  30  acres,  situated  not  far 
away.  The  general  method  is  intermittent  filtration,  supplemented  by 
broad  irrigation.  For  this  purpose  an  area  of  about  5  acres  at  the  high- 
est portion  of  the  disposal  area  was  leveled  and  laid  out  in  absorption 
ditches.  The  balance  of  the  field  has  been  provided  with  a  main  carrier 
and  distribution  ditches,  for  use  as  an  irrigation  area  whenever  the 
filtration  area  is  overworked  or  whenever  during  the  growing  season 
the  sewage  can  be  profitably  utilized  thereon  for  crops. 

The  filtration  area  is  divided  into  three  sections,  onto  each  of  which 
the  sewage  is  run  for  one  day,  thereby  giving  two  days'  rest  for  a  section 
after- each  application.  The  details  of  this  work  may  be  found  in  vari- 
ous publications  in  regard  to  sewage  disposal. 

Ontario  Agricultural  College. — Sewage  purification  by  treatment  with 
porous  carbon  supplemented  by  filtration  through  land  was  carried  out 
at  this  institution  in  1889.  The  daily  amount  of  sewage  averages  3,000 
gallons.  On  its  way  to  the  settling  tank  it  receives  about  12  pounds 
of  ferozone  precipitant  daily,  and  is  allowed  to  settle  tor  twenty-foor 
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hoars.  The  effluent  is  discharged  on  the  filtering  ground,  which  con- 
sists of  a  flat  bed  of  gravel,  clay,  and  loam,  100  by  75  feet  in  area, 
divided  into  two  beds,  each  of  which  receives  on  alternate  days  the 
sewage  for  twenty-fonr  hours.  These  beds  arc  underdrained  with  tile 
drains,  laid  to  a  depth  of  from  2^  to  3  feet. 

Waterloo. — ^Waterloo  is  located  2  miles  south  of  Berlin,  the  town 
described  previously,  with  which  it  is  connected  by  a  tramway.  The 
I>opalation  in  1891  was  2,941.  Sewage-disposal  works  by  intermittent 
filtration  were  constructed  at  this  place  in  1895.  For  the  flnal  works 
provision  has  been  made  for  ten  filter  areas.  The  soil  is  sand  and  gravel. 
Each  bed  is  132  by  200  feet,  giving  an  area  of  26,400  square  feet  per 
bed.  This  area  also  includes  the  embankments,  so  that  the  actual  puri- 
fication area  is  somewhat  less.  As  at  Berlin,  the  sewage  will  be  deliv- 
ered upon  the  land  without  a  preliminary  screening  out  of  the  solid 
matters,  the  experience  so  far  gained  at  the  neighboring  town  of  Berlin 
having  indicated  that  there  is  little  or  no  necessity  for  screening.  Up 
to  April,  1896,  the  total  exx)enditure  was  about  $2,000.  The  cost  of 
the  laud  is  stated  at  about  $80  per  acre. 

Concluding  the  foregoing  account  of  sewage-disposal  plants  in  the 
IJnited  States  and  Canada,  we  wish  to  state  again  that  in  such  extreme 
condensation  as  is  needful  in  a  paper  of  this  kind  many  important 
details  are  necessarily  omitted.  Complete  descriptions  of  these  works 
would  require  several  hundred  pages. 

PUBIilCATIONS  KEIiATING  TO  SEWAGE  IJTIIilZATION  ANT> 

T>I8P08AL. 

The  following  books,  pamphlets,  reports,  etc.,  are  in  the  author's 
collection  and  have  been  consulted  frequently  in  discussing  questions 
of  sewage  utilization  and  disposal.  There  is  no  pretense  to  complete- 
ness in  this  list,  including,  as  it  does,  only  such  as  have  been  brought 
together  without  special  effort.  The  books  here  included  are  a  fairly 
good  beginning  for  a  library  of  sewage  utilization  and  disposal  and 
some  of  the  more  important  cognate  questions. 

Adams  (Jnlins  W.).    Sewers  and  drains  in  populous  districts.    8yo.    New  York,  1880. 
Contains  short  chapter  on  sewage  disposal. 

AmexiiMUl  PnUio  Health  Association,  Proceedings  of. 

Amexican  Sooiety  of  Civil  Engineers,  Transactions  of. 

AMoeiatioii  of  Engineering  Societies,  Journal  of. 

AMoeiation  of  Xnnidpal  and  Sanitary  Engineers  and  Surveyors,  Proceedings  of.    Vols. 

I-XXI. 

Contain  a  large  nnmber  of  yalnable  practical  paiMrs  on  sewerage,  sewage  disposal,  and 
river  poUation  in  England,  as  prepared  by  the  eogineers  of  the  various  works.    Many  of 
^    these  papers  are  indispensable  to  anyone  who  wishes  to  study  the  question  from  a  practical 
point  of  view. 

Anstin  (Henry).    Beport  on  the  means  of  deodorizing  and  utilizing  the  sewage  of 
towns.    Paper;  8yo.    London,  1857. 

Discusses  a  large  nnmber  of  the  more  important  questions  in  sewage  utilisation  in  such  a 
way  as  to  be  of  great  value  to  the  student  of  the  present  day. 
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BaoUuniie  (Beiijamin).  An  accoant  of  Liemnr^B  sewerage  Bystem  in  its  present  state 
of  development  based  npon  personal  inquiry.  By  the  chairman  of  the  city  of 
Sydney  Improvement  Board.    Pamphlet;  8vo.    London,  1887. 

Baker  (Henry  B.).  Report  on  best  method  of  disposition  of  excreta  and  waste  mat- 
ters, at  Harbor  Point,  Michigan. 

Baker  (M.  N.).    Sewage  purification  in  America.    Paper;  12mo.    New  York,  1893. 

Baker  (M.  N.).    Sewerage  and  sewage  purification.    16mo.    New  York,  1896. 

Banmeiiter  (R.).  The  cleaning  and  sewerage  of  cities— sewerage,  sewage  disposal, 
street  cleaning.    Translation ;  8vo.    New  York,  1891. 

A  coDoiae  statement  of  the  German  views  on  sewerage,  sewage  disposal,  and  street  cleaning. 
Contains  illustrations  and  is  especially  valuable  for  the  reader  who  wishes  to  survey  the  whole 
field  of  the  German  view  without  reading  a  large  number  of  works.  As  remarked  in  the 
introduction,  prepared  by  Rudolph  Hering,  the  American  reader  should  remember  that  thia 
work  was  prepared  primarily  for  German  engineers  and  for  the  conditions  prevalent  in  the 
German  Empire.  ^ 

Bixmingham  sewage  inqniry.    8vo.    Birmingham  and  London,  1871. 

This  report  contains  a  very  thorough  review  of  sewage  pnrification  as  it  existed  in  1871, 
together  with  description  and  cuts  of  the  pail  system  as  used  in  Liverpool,  Manchester, 
Rochdale.  Birmingham,  etc.  The  reader  should  remember,  however,  in  reading  the  old 
reports,  that  many  of  the  appliances  which  are  illustrated  have  been  improved  within  recent 
dates,  and  that  the  statements  and  illustiations  can  only  be  safely  taken  after  one  has  obtained 
full  knowledge  of  the  subject  and  consequent  power  of  selection. 

Birmingham  system  of  refoie  disposal.  Printed  hy  qrder  of  the  Birmingham  Health 
Committee.    Pamphlet;  8vo.    Birmingham,  1893. 

Bljthe  (A.  Wynter).    A  manual  of  puhlio  health.    8vo.    London,  1890. 
Blythe  (A.  Wynter).    Lectures  on  sanitary  law.    8vo.    London,  1893. 

Contains  twelve  lectures  on  sanitary  law  delivered  by  the  author  at  the  College  of  Medicine 
as  part  of  the  usual  course  of  Instruction  in  sanitary  science.  Examples  of  by-laws  relating 
to  offensive  trades,  the  law  relating  to  adulteration,  etc.,  are  given  in  the  appendix. 

Boston  main  drainage  works.    8vo.    Boston,  1885. 

Contains  a  full  accoant  of  the  construction  of  the  main  drainage  works  of  the  city  of  Boston, 
where,  by  reason  of  the  nearness  of  the  ocean,  it  was  deemed  preferable  to  dispose  of  the  city 
sewage  by  discharge  at  high  tide  into  the  waters  of  the  lower  harbor. 

Bonlnois  (H.  Percy).  Monicipal  and  sanitary  engineer's  handbook.  8vo.  London, 
1893. 

Brookmaa  (F.  W.).  Utilization  of  town  refuse  at  Rochdale.  Reprint  from  the  Jour- 
nal of  Society  of  Chemical  Industry,  April  30,  1895.    London,  1895. 

Buck.    Treatise  on  hygiene  and  public  health.    2  vols.    8vo.    New  York,  1879. 

Burke  (N.R.).    A  handbook  of  sewage  utilization.    12mo.    London,  1872. 

Bun  (R.  Scott).  Outlines  of  modern  farming.  6th  edition.  12mo.  London,  1888. 
Treats  extensively  among  other  subjects  of  the  utilization  of  town  sewage,  irrigation,  etc. 

Callis  (Robert  W.).    Lectures  on  sewers.    Large  8vo.    London,  1686. 

Contains  a  series  of  lectures  on  sewers  as  delivered  by  the  author,  at  Grace  Inn,  in  Auguft, 
1622. 

Chandler  (C.  F.).  Report  on  the  waters  of  the  Hudson  River,  made  to  the  water  com- 
missioners in  the  city  of  Albany.    Paper ;  8vo.    New  York,  1885. 

The  author,  in  1885,  takes  the  ground  that  the  Hudson  River  was  at  the  time  a  proper  water 
supply  for  the  city  of  Albany. 

Chicago  drainage  and  water  supply.  Preliminary  report  of  a  commission  consisting  of 
Rudolph  Hering,  Benezette  Williams,  and  Samuel  G.  Artlngstall.  Paper;  8vo. 
Chicago,  1887. 

CIippart(JohnH.).  The  principles  and  practice  of  land  drainage.  3d  edition.  12mo. 
Cincinnati,  1888. 
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ConiiMtieat  8tate  Board  of  Health,  1884  to  1895,  inclasiTe. 

These  reports  contain  a  large  amonnt  of  original  work  on  pollution  of  water  supplies  and 
stream  pollution  generally  as  performed  under  the  direction  of  the  State  board  of  health  dur- 
ing the  period  indnded. 

Oodloy  (Lyman  £.)•  The  Lakes  and  Gulf  waterway  as  related  to  the  Chicago  sani- 
tary problem.    Paper;  large  8vo.    Chicago. 

Ooplin  (W.  M.  L.  and  Bevan  D.)>  A  manual  of  practical  hygiene.  8yo.  Philadel- 
phia, 1893. 

Oorfleld  (W.  H.).  The  treatment  and  utilization  of  sewage.  3d  edition,  revised  and 
enlarged,  by  the  author  and  Louis  C.  Parks.    8vo.    London,  1887. 

In  this  work  the  question  of  sewage  utilization  is  examined  at  considerable  length,  and  many 
useful  conclusions  are  reached. 

Ciimp  (W.  Santo).  Sewage  disposal  works.  A  guide  to  the  construction  of  works 
for  the  prevention  of  pollution  by  sewage  of  rivers  and  estuaries.  1st  edition. 
8vo.    London,  1890.    2d  edition.    London,  1894. 

Contains  descriptions  up  to  date  of  a  large  number  of  the  more  important  English  sewage 
disposal  wtfrks. 

Demptey  (G.  D.).  Drainage  of  lands,  towns,  and  buildings.  Revised  edition  with 
large  additions  of  recent  practices  in  drainage  engineering,  by  D.  Kinnear  CUark. 
12mo.    London,  1890. 

Benton  (J.  Bailey).  Sanitary  works  and  sewage  utilization.  Paper;  8vo.  London, 
1869. 

Denton  (J.  Bailey).  Ten  years'  experience  in  works  of  intermittent  downward  filtra- 
tion.   8vo.    London. 

Bibdin  (W.  J.).  Report  of  experiments  on  the  filtration  of  sewage  effluent  (from 
the  London  main  dr^^nage  works)  during  the  years  1892-1895,  inclusive.  Paper; 
4to.    London,  1895. 

Engineexing  Hews.    From  1892  to  1897,  inclusive. 

This  Journal  contains  more  or  less  complete  descriptions  of  the  more  interesting  and  impor- 
tant of  the  American  works. 

Engineexing  Beoord. 

This  Journal  has  published  a  vast  amonnt  of  information  in  regard  to  sewerage  and  sewage 
disposal  both  at  home  and  abroad,  and  in  1888  published  an  index  to  matter  pertaining  to 
sewerage  and  sewage  disposal  which  had  appeared  in  Vols.  Y  to  XVII  (December,  1881-June, 
1888).  There  has  also  appeared  a  large  amount  of  matter  in  the  volumes  from  XVIII  to 
XXXIV  (the  current  volume). 

Framingbam,  MaaiaohiisettB.  System  of  sewage  disposal.  A  report  of  a  committee  on 
drainage  and  sewerage  and  construction  of  a  sewerage  system.  Statement  in 
detail  of  cost  of  construction,  plans,  etc.    8vo.    South  Framingbam,  1889. 

Frankland  (Percy  and  Mrs.  Percy).  Micro  organisms  in  water,  their  significance, 
identification,  and  removal.    8vo.    London,  1894. 

Contains  a  statement  of  the  relation  of  sewage-polluted  water  to  disease. 

Freneh  (Henry  F. ).  Farm  drainage.  The  principles,  practice,  and  methods  of  drain- 
ing land,  etc.    12mo.    New  York,  1884. 

Oerhardt  ( William  Paul ) .  The  disposal  of  sewage  at  isolated  country  houses.  Paper ; 
8vo.    Providence,  1890. 

Gerhaxdt  (William  Paul).    The  disposal  of  household  wastes.    16mo.    New  York,  1890. 

Oerhardt  (William  Paul).  Sanitary  engineering.  Reprint  from  the  Journal  of  the 
Franklin  Institute,  June-August,  1895.    Paper;  8vo.    Philadelphia,  1895. 

Oxay  (Samuel  M.).  Proposed  plan  of  a  sewerage  system  for  the  disposal  of  the 
sewage  of  the  city  of  Providence.  Made  by  order  of  the  city  council  of  the  city 
of  Providence.    Paper;  8vo.    Providence,  1884. 

Contains  an  aocount  of  a  large  number  of  sewage  purification  plants  abroad  as  visited  by 
Mr.  Gray,  together  with  recommendations  for  the  partial  purification  of  sewage  of  Prorldence 
by  chemical  treatment,  followed  by  its  discharge  into  tide  wsier  at  a  point  where  it  could  not 
become  a  nuisance  along  the  adjacent  beaches. 
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Gray  (Samuel  M.).    Report  showing  location  and  size  of  the  main  intercepting  seweis 
of  the  city  of  Providence  and  other  information  called  for  by  the  common  council 
by  resolutions  of  various  dates  in  1886.    Paper;  8vo.    Providence,  1886. 
Griffiths  (A.  B.).    A  treatise  on  manures.    12mo.    London,  1889.  * 

Hall  (William  Hammond).    Irrigation  in  California.    2  vols.    8vo.    San  Francisco, 
1888,  1889.    A  report  on  irrigation  in  California  as  made  by  the  State  engineer. 
A  good  text-book  of  American  irrigation  practice. 

Harris  (Joseph).  Talks  on  manures.  New  and  enlarged  edition.  12mo.  New  York, 
1888. 

Hawluhaw  (Sir  John).  Report  as  commissioner  appointed  to  inquire  as  to  the  puri- 
fication of  the  river  jClyde.    Paper;  4to.    London,  1876. 

Contains  information  as  to  the  pollution  of  the  river  Clyde'  and  its  tribntariea  as  they 
existed  in  1876. 

Haxen  (Allen).     Filtration  of  public  water  supplies.    8vo.    New  York,  1895. 

Contains  data  as  to  quality  of  Altering  material,  construction  of  filters,  etc. 

Hazen  (Allen).  A  practical  plan  for  sand  filtration  as  a  means  of  securing  a  better 
water  supply  to  the  city  of  Philadelphia.  Report  to  the  Woman's  Health  Pro- 
tective Association  of  Philadelphia.     Paper;  8vo.    10  pp.    1896. 

Health  in  conntry  homes.  I'lie  disposal  of  sewage.  A  series  of  articles  reprinted  from 
the  New  York  Evening  Post.     Paper ;  8vo. 

Health  of  Towns  Commission.  This  commission  made  two  reports — the  first,  1844,  pub- 
lished in  two  8vo.  vols. ;  the  second,  in  1845,  also  in  two  8yo.  vols. 

These  two  rei>orts  may  be  tahen  as  the  beginning  of  sanitary  science  in  England  and  in  the 
civiUa&ed  world  generally.  These  reports  should  be  studied  by  an^'^  person  wishing  to  study 
the  whole  subject  of  sewage  utilization,  by  way  of  showing  the  magnitude  of  the  evil  whSoh 
has  been  oombatted  and  greatly  mitigated  since  1844. 

Hill  (John  W.).    Sewage  disposal  and  water  supply.     A  paper  read  before  the  Ohio 

Society  of  Surveyors  and  Civil  Kngineers,  January  18,   1893.    Reprinted  for 

private  circulation.    Paper;  8vo. 
Hill  (John  W.).    Water  supplies  for  eight  cities  in  relation  to  typhoid-fever  rates. 

An  address  before  the  Society  of  Municipal  Improvements,  Chicago,  October  9, 

1896.     Paper;  12mo.    8  pp.    Cincinnati,  1896. 
Wm  (John  W.).    The  hygiene  of  water.    A  lecture  delivered  before  the  Teachers' 

Institute,  Cincinnati,  Ohio,  September  11, 1896.    Reprint  from  the  Dietetic  and 

Hygienic  Gazette,  October,  1896.    Paper ;  small  4to.    10  pp.     1896. 
Hntohinson  (Christopher  Clarke).    On  the  disposal  of  sewage  sludge.    A  paper 

read  before  the  Society  of  Chemical  Industry,  February  4,  1884.    Paper;  8vo. 

London,  1884. 
Institation  of  Civil  Engineers,  Proceedings  of.    Vols.  I-CXX.    8vo.    London,  1838-1895. 

Contain  a  large  amount  of  information  on  river  pollution  and  sewage  deodorfuition,  flltra> 
tlon,  interception,  irrigation,  manure,  precipitation,  and  sewage  utilisation  generally.  Detailed 
subject  indexes  have  been  issued  from  Vols.  I- L VIII  and  fVom  Vols.  LIX-CXVIII,  to  which 
reference  may  be  made  for  nearly  every  phase  of  the  snl^iect  as  discnsaed  in  England  for  the 
last  forty  to  fifty  years. 

Johnson  (Samuel  W.).  How  crops  feed.  A  treatise  on  the  atmosphere  and  the  soil 
as  related  to  the  growth  of  agricultural  plants.     12mo.    New  York,  1890. 

Johnson  (Samuel  W.).  How  crops  grow.  A  treatise  on  the  chemical  composition, 
structure,  and  life  of  the  plant.    12mo.    New  York,  1890. 

Jones  (Charles).    Refuse  destructors.     2d  edition.    8vo.    London,  1894. 

Contains  detailed  information  as  to  the  result  of  garbage  destruction  by  fire,  as  well  as  a 
paper  on  the  utilization  of  town  refuse  for  power  production,  by  Thomas  Tomlinson. 

Xiersted  (Wyncoop).  A  discussion  of  the  prevailing  theories  and  practice  relating 
to  sewage  disposal.    12mo.    New  York,  1894. 

The  author  believes  that  the  jivers  of  tbe  country  are,  on  the  whole,  the  natural  place  for 
disposing  of  sewage.  In  his  view  the  natural  forces  of  nitrification  will  punfy  tiie  sewage  in 
streams  somewhat  the  same  as  on  land. 
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Kinaett  (C.  T.)-    Nature's  hygiene.    A  Bystematic  manual  of  nataral  hygiene.    4th 

edition.    8vo.     London,  1894.  - 
Kzepp  (Charles  Frederick).    The  sewage  question.    A  general  review  of  all  systems 

and  methods.    8vo.    London,  1867. 

^Eapeciftlly  devoted  to  showing  the  superiority  of  the  pneumatic  system  of  Capt  Charles 
Liemar. 

Kuiehling  (E.).  Report  on  the  proposed  trunk  sewer  for  the  east  side  of  the  city  of 
Rochester,  New  York.    Pamphlet ;  8vo.    Rochester,  1889. 

Contains  a  r6sam6  of  the  various  methods  of  sewage  disposal  and  leans  to  the  conclusion 
that  for  the  conditions  existing  in  Rochester  a  chemical  treatment  would  be  preferable. 

Latham  (Baldwin).    Sanitary  engineering.    A  guide  to  the  construction  of  works 
on  sewerage  and  house  drainage.    2d  edition.    8vo.    London,  1878. 
This  work  was  reprinted  by  Engineering  News  in  1877. 

Lawes  (J.  Parry).     Reports  of  sewer  air  investigations,  as  made  to  the  Loudon 

County  Council.    Paper.    London,  1894. 
T.^iriRn>nTi  (Henry)  and  Beam  (William).    Examination  of  water  for  sanitation  and 

domestic  purposes.     12mo.    Philadelphia,  1889. 
Lehmaan  (K.  B.).    Methods  of  practical  hygiene.    2  vols.    8vo.    London,  1893. 
Translated  from  the  German  by  W.  Crook  .s . 

Local  Go^emment  Board.    Reports  of  the  medical  officer. 

The  reports  of  the  medical  officer  of  the  privy  CDuncil  and  local  government  board  have  con- 
tained for  many  years  much  information  of  interest  and  valae  relating  to  sewage  purification 
and  utilization.  The  student  of  the  subject  will  flud  in  these  reports  a  vast  amount  of  impor- 
tant matter.  In  the  supplement  to  the  report  of  the  medical  officer  for  1891  may  be  found  a 
study  of  enteric  fever  in  the  valley  of  the  river  Lee.  In  the  supplement  to  the  report  for 
1887  may  be  found  papers  giving  full  statistics  of  diarrhea  and  diphtheria  in  England.  The 
first  of  these  is  a  report  by  Dr.  Ballard  of  the  cause  of  the  mortality  from  diarrhea  which  is 
observed  principally  in  the  summer  seasons  of  the  year  iu  English  communities,  and  the  sec- 
ond is  a  statistical  study  by  Dr.  Longstaff  on  the  geographical  distribution  of  diphtheria  in 
England  and  Wales  Dr.  Ballard's  sUtistical  inquiry  included  the  years  from  1880  to  1888, 
while  Dr.  LongstafiTs  included  the  twenty-six  years  ending  with  1880.  The  relation  of  these 
two  diseases  to  sanitary  conditions  is  set  forih  in  many  tables  and  diagrams  with  great 
clearness. 

Loweook  (Richard  Sidney).  Experiments  on  the  filtration  of  sewage.  Excerpt  from 
Proceedings  Institution  Civil  Engineers,  Vol.  CXV.  Paper;  8vo.  London, 
1893. 

Kason  (William  P.).     Water  supply,  chemical  and  sanitary.    8vo.    New  York,  1896. 

Contains  an  excellent  statement  of  drinking  water  as  affected  by  sewage  pollution  in  its 
relations  to  disease. 

llMsachusetts  Drainage  Commisiion,  Report  of.    8vo.    Boston,  1886. 

This  commission  was  authorized  by  the  Massachusetts  legislature  to  consider  and  report 
systems  of  drainage  for  the  Mystic,  Blackstone,  and  Charles  river  valleys.  In  1885  a  report 
of  great  value  was  submitted,  in  which  questions  of  stream  pollution  and  sewage  disposal  are 
discussed  at  length.  The  engineer  of  the  commission,  Elliot  C.  Clark,  also  submitted  a 
reiMirt  in  which  he  gave  the  details  of  the  problem  of  prevention  of  stream  pollution  and 
methods  of  sewage  purification  as  spplied  to  the  river  valleys  named.  One  of  the  best  of  the 
early  American  reports. 

• 

Kaasaohnsetts  State  Board  of  Health,  Reports  of. 

"[Dhis  splendid  series  of  sanitary  reports  now  includes  27  volumes  of  annual  reports  and  2 
special  reports  on  the  purification  of  sewage  and  water  and  on  the  examination  of  water  sup- 
plies, besides  special  reports  on  the  sewerage  of  the  Mystic  and  Charles  river  valleys,  and  on 
the  Metropolitan  water  supply  of  Boston,  making  31  volumes  in  all.  These  are  indispensable 
to  any  person  who  desires  to  study  thoroughly  the  subject  of  sewage  purification  and  utilisa- 
tion in  the  United  States.  Stream  pollution,  sewerage,  and  sewage  disposal  were  first  dis- 
cussed in  the  Fourth  Annual  Beport,  and  have  been  discnsse<l  in  some  phase  ever  since.  In 
the  Nineteenth  Annual  Report  may  be  found  the  preliminary  account  of  the  special  experi- 
ments on  intermittent  filtration  cairied  out  by  the  board  a(  Lawrence, 
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lleiiiiet  (William).  A  treatise  on  the  sanitary  management  and  ntilization  of  sewage. 

Large  8vo.    London,  1865. 
Xetropolitan  sewage  diiohaige.    Report  of  Royal  Commissioners.    4  vols,  of  reports; 

minutes  of  evidence ;  appendixes,  etc.    4to.    London,  1884, 1885. 

PrMents  every  phase  of  qaeetion  of  disposal  of  sewage  of  I^ondon  as  it  existed  twelve  years 
ago. 

Ketropolitaa  water  supply,  Report  of  Royal  Commission  on.  6  vols.  General  report; 
minutes  of  evidence ;  appendixes ;  index ;  plans,  etc.    4to.    London,  1893. 

The  most  recent  aud  extensive  infonnation  as  to  pollution  of  streams  and  its  effect  on  the 
water  snpply  of  the  metropolis  as  applied  to  the  rivers  Thames  and  Lee,  from  which  that 
•  sapply  is  drawn. 

ICles  (Manly).    Silos,  ensilage,  and  silage.    12mo.    New  York,  1892. 

A.  practical  treatise  on  the  oonstmction  of  silos  and  the  practical  working  of  the  prooc«s  of 
ensilage. 

XUwaokee,  Wisoomin.    Report  of  the  Commission  of  Engineers  on  the  collection  and 

final  disposal  of  the  sewage  and  on  the  water  supply  of  the  city  of  Milwaukee. 

Paper;  8yo.    Milwaukee,  1889. 
Monson  (Edward).    The  advantage  of  a  separate  system  of  drainage.    Paper;  8vo. 

London,  1875. 
MonBon  (Edward).    Metropolitan  sewage  and  what  to  do  with  it;  a  scheme  of  sewage 

disposal  for  the  metropolis  and  the  author's  scheme  of  drainage  for  the  lower 

Thames  YaUey,  etc.,  the  whole  being  a  complete  system  of  sewage  clarifioation 

and  purification.    8vo.    London,  1883. 
Moore  (£.  C.  8.).    Sanitary  engineering.    Occasional  papers.  Royal  Engineers'  Insti- 

tnte,  being  part  of  the  professional  papers  of  the  Corps  of  Royal  Engineers, 

Vol.  XYII.    8vo.     London,  1892. 

Contains  concise  notes  on  various  matters  relating  to  sewerage  and  sewage  dispossl,  as  pre- 
pared specially  for  the  nse  of  the  Royal  Engineers. 

Konxoe  (John  M.  H.).  Composition  and  manurial  value  of  Altered  pressed  sewage 
sladge.  Reprint  from  the  Journal  of  the  Society  of  Chemical  Industry,  Janu- 
ary 29, 1885.    Mauchester,  1885. 

Kational.Board  of  Health,  Report  for  1881. 

This  volume  contains  a  report  of  the  results  of  an  examination  made  in  18S0  of  sevenJ 
sewerage  works  in  Europe  by  Rudolph  Hering.  The  information  given,  while  extremely 
valuable  in  1880,  is  of  less  interest  now,  bj*  reason  of  being  more  recently  covered.  Mr.  Harinjt 
gives  a  literature  list  which  is  still  of  value. 

Hew  Jersey  State  Board  of  Health,  Yols.  I-XYIII. 

Contains  information  as  to  sewage-disposal  works  and  stream  pollution  in  New  Jersey. 

Hew  York  State  Board  of  Health,  Reports  1  to  16. 

A  large  amount  of  information  as  to  sewage  disposal  and  stream  pollution  may  be  found  in 
these  reports,  together  with  the  detail  plans  of  sewage-disposal  plants  thus  far  designed  for 
towns  in  New  York. 

Palmberg  (Albert).  A  treatise  on  public  health  and  its  applications  in  different 
European  countries.  Translated  from  the  French.  Edited  by  Arthur  News- 
holme.    8vo.    London,  1893. 

Contains  a  review  of  sanitary  administration  and  legislation  in  the  prinoipal  European 
countries. 

Parks  (Edward  A.).  A  manual  of  practical  hygiene.  Edited  by  De  Chaumonty  with 
an  appendix,  giving  the  American  practice  in  matters  relating  to  hygiene,  pre- 
pared by  and  under  the  supervision  of  Frederick  N.  Owen.  2  vols.  Large  8yo. 
New  York,  1884.    From 'the  last  London  edition. 

Parks  (Louis  C).    Hygiene  and  public  health.    12mo.    Philadelphia,  1889. 

PeuisylTtnia  State  Board  of  Health,  Yols.  I-X. 

Contain  many  general  discussions  on  stream  pollution,  sewerage,  and  sewage  dispoaaL 


]  PUBLICATIONS.  95 

Pliiladelpliia  Water  Department,  Annual  Reports  of  the  Chief  Engineer,  1888  to  1886, 
inclaeire. 

These  reports  contain  the  results  of  an  investigation  as  to  the  poUntion  of 'the  water  snpply 
of  the  city  of  Philadelphia  by  sewage,  together  with  the  reports  on  additional  supplies  f^om 
unpolluted  or  nearly  unpolluted  sources,  withmethods  of  preventing  pollution,  etc.  They  may 
be  referred  to  for  much  valuable  information  on  the  general  question  of  pollution  of  streams 
and  its  attendant  evils. 

Fhilbxiek  (Edward  S.)<    American  sanitary  engineering.    8yo.    New  York,  1881. 

Fhilbiiok  (Edward  S.).  The  disposal  of  sewage  in  snhnrban  residences.  Paper; 
12mo.    New  York,  1883. 

Flatt  (S.  Sidney).  Description  of  the  sewage-disposal  works  at  Roch  Mills,  Roch- 
dale, England.    Paper;  12mo.    4  pp.    Rochdale,  1896. 

FdUntioii  of  water  tappli^  Report  of  a  committee  of  the  American  Public  Health 
Association.  Read  at  the  annual  meeting  at  Milwaukee,  November  20-23, 1888. 
Paper;  8vo.    Concord,  1889. 

Provincial  Board  of  Health  of  Ontario.    Reports  1-4. 

Contain  information  as  to  sewage-disposal  works  and  stream  poUntion  in  the  Dominion  of 
Canada. 

Bafter  (George  W.)  and  Baker  (M.  N.).  Sewage  disposal  in  the  United  States.  8vo. 
New  York,  1893. 

This  work  is  dedicated  to  the  health  and  prosperity  of  American  cities,  snd  contains  descrli>- 
tions  and  references  to  practically  all  the  sewage-disposal  works  in  the  United  States  up  to  the 
summer  of  1803. 

Baneh  (John  H.).  The  sanitary  problems  of  Chicago,  past  and  present.  Reprint 
from  the  Second  Annnal  Report  of  the  Illinois  State  Board  of  Health.  Paper; 
8vo. 

Beeves  (R.  Harris).    Sewer  yentilation  and  sewage  treatment.    12mo.     London,  1889. 

Contains  desciiption  of  special  methods  of  chemical  treatment  and  ventilation  designed  by 
the  author. 

Bivers  Pdllntion  Commiifon  (iirst  commfssion).    5  vols.    4to.     London,  1866, 1867. 

This  commission  made  three  reports.  The  first  report  deals  generally  with  the  best  methods 
of  preventing  the  pollution  of  rivers,  with  special  reference  to  the  conditions  prevailing  at  that 
time  on  the  river  Thames.  The  second  report  deals  with  the  river  Lee.  The  third  report 
deals  with  the  rivers  Ayr  and  Calder. 

Biven  Pdllntion  CommissioiL  (second  commission).  Report  of  the  commissioners 
appointed  in  1868  to  inquire  into  the  best  means  of  preventing  the  poUntion  of 
rivers.    10  vols.    4to.    London,  1870,  1871,  1872,  1874. 

This  commission  made  six  reports  in  all.  The  first  report,  in  two  volumes,  treats  of  the 
pollution  of  the  basin  of  the  rivers  Mersey  and  Ribble  and  of  the  best  means  of  preventing 
pollution  therein.  The  second  report  is  taken  up  with  a  description  of  the  A,  B,  C  process  of 
treating  sewage.  The  third  report,  in  two  volumes,  discusses  the  pollution  arising  ftom  the 
woolen  manufacture  and  processes  connected  therewith.  The  fourth  report  treats  of  the  pol- 
lution of  the  rivers  of  Scotland,  and  gives  special  consideration,  among  other  sul^jects,  to  the 
poUntion  arising  from  paper-mill  wastes,  etc.  The  fifth  reiK>rt,  in  two  volumes,  tinats  of  the 
poUution  arising  from  mining  operations  and  metal  manufactures.  The  sixth  report,  in  one 
volume,  treats  of  the  general  snltject  of  domestic  water  supply  of  Great  Britain.  In  this 
report  Dr.  Edwin  Pranklin,  the  chemist  member  of  the  commission,  has  here  worked  out  in 
detail  the  method  of  water  analysis  which  he  designated  as  the  combustion  method.  A  large 
amountof  information  about  water  supplies  from  cultivated  and  uncultivated  areas  and  the 
contamination  of  water  from  manured  and  nnmannred,  cropped  and  uncropped  land  is  given, 
the  whole  forming  a  vast  body  of  sanitary  information  pertinent  to  present  conditions. 

Boyal  Sanitary  Commission,  Report  of.    Second  report.    4to.    London,  1871. 

Contains  a  history  of  the  English  sanitary  laws  up  to  that  date,  with  suggestions  for  new 
statute,  etc. 

Sanitary  Institate,  Transactions  of.    Vols.  I-XII. 

Contains  many  practical  papers  on  sewerage  and  sewage  disposal.    8vo.    London. 
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Sewage  dispoeaL  Report  of  a  committee  appointed  by  the  president  of  the  local 
governmeDt  board  to  inquire  into  the  several  modes  of  treating  town  sewage. 
Paper;  ^vo.    London,  1876. 

Contains  many  detaila  of  sewerage  work  carried  oat  in  England  to  tbat  date,  with  a  large 
numbex^of  analyses  of  raw  and  effluent  sewage  at  seTeral  sewage  farms.  In  appendix  No.  7 
is  given  a  list  of  a  large  number  of  patented  processes  for  treating  sewage  and  prodactng^ 
artificial  manure  therefrom,  as  taken  out  firom  between  the  years  18M  and  1876  inolnaive. 
The  report  is  also  accompanied  hy  a  folio  of  plane,  giving  details  of  a  number  of  the  more 
interesting  sewage-disposal  works  of  that  date. 

Sewage  disposal  at  Lob  Angeles,  California.  A  report  of  the  board  of  engineers  upon  the 
disposal  of  the  sewage  of  Los  Angeles  city  and  its  sewer  system,  presented  to 
the  mayor  and  common  council  of  the  city  of  Los  Angeles,  December  23, 1889. 
Paper;  Svo.     1889. 

Contains  the  preliminary  Information  as  to  sewage  utilisation  at  Los  Angeles. 

Sewage  disposal  at  the  London,  Ontario,  Asylum.  Report  of  the  Provincial  Board  of 
Health  of  Ontario.    Papei;  Svo.    Toronto,  1890. 

Contains  the  report  and  detailed  plans  as  submitted  by  Col.  George  E.  Waring,  jr. 

Sewage  disposal  at  the  Rhode  Island  State  institntiont.    Seventeenth  Annual  Report  of 

the  Board  of  State  Charities  and  Corrections  of  Rhode  Island,  1885.    Paper; 

8vo.    Providence,  1886. 

Contains  the  report  and  plans  of  Samuel  M.  Gray  npon  the  disposal  of  the  sewage  of  the 
State  institutions  at  Cranston,  Rhode  Island. 

Sewage  disposal  at  the  Bocheeter,  IGnnesota,  State  Hoipital  for  the  Insane.  Sixth  Biennial 
Report  of  the  Trustees  and  Officers  of  the  State  Hospital,  Rochester,  Minnesota. 
8vo.     Minneapolis,  1890. 

Contains  report  and  detailed  plans  of  the  purification  works  at  the  Rochester  Hospital. 

Sewage  farm  competition  of  the  Boyal  Agricultural  Society  of  England.  Report  of  judges 
appointed  in  the  sewage  farm  oompetitions.  Reprint  from  the  journal  of  the 
Royal  Agricultural  Society.    8vo.     London,  1880. 

Sewage  of  the  District  of  Columbia.    Report  by  Rudolph  Hering,  Samuel  M.  Gray,  and 

Frederick  P.  Steams.    Paper;  8vo.     Washington,  1890. 
Sewage  of  the  Metropolis.    Report  from  a  select  committee,  ordered  by  the  House  of 

Commons  to  be  printed  July  14, 1864.     Paper;  4to.     London,  1864. 

ThiH  committee  was  appointt^d  specially  to  inquire  into  plans  for  dealing  with  the  sewage 
of  the  metropolis  (London)  and  other  large  towns  with  a  view  to  its  utilisation  in  agrlcultnrs. 
The  committee  concluded  that  it  is  not  only  possible  to  utilise  the  sewage  of  towns,  but  that 
such  an  undertaking  may  be  made  to  result  in  pecuniary  advantage  to  the  rate  payers  of  tiie 
towns  whose  sewage  is  thus  utilized.  A  large  amount  of  evidence  was  taken  by  calling 
before  the  committee  a  number  of  the  eminent  engineers  and  English  sanitarians  of  the  day. 

Sewage  of  Towns,  Report  from  the  select  committee  on.    Two  reports,  in  2  volumes. 

First  report  ordered  to  be  printed  April  10,  1862,  and  the  second  report  April 

29,  1862.    4to.     London,  1882. 
Sewage  of  Towns  Commission.    Three  reports.    8vo.    London,  1858,  1861,  1865. 

Theoe  reports  contain  the  detail  of  elaborate  investigations  made  by  a  royal  commission 
appointed  to  inquire  into  the  best  mode  of  distributing  the  sewage  of  towns  and  applying  it 
to  beneficial  and  profitable  uses.  Elaborate  cultivation  and  feeding  experiments  were  pur- 
sued, extending  over  a  period  of  several  j'ears,  the  results  of  which  were  presented  in  great 
detail  in  the  second  and  third  reports.  In  the  appendix  to  the  first  report  may  be  found  an 
account  of  a  visit  made  by  a  committee  of  the  commission  to  Milan,  Italy,  for  the  purpose  of 
examining  the  sewage  utilization  works  which  had  been  carried  out  at  that  place.  This  com- 
mittee reported  under  date  of  December,  1857,  that  the  experience  of  the  irrigation  around 
Milan  adds  a  striking  proof  to  those  already  obtained  as  to  the  value  in  agriculture  of  a  com- 
mand of  pure  water  and  of  the  immense  increaAe  of  that  value  obtained  by  the  addition  of 
sewage  combined  with  the  higher  temperature  derived  by  the  liquid  in  its  passage  thxoagh 
the  town. 
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flewmgo  pnxifioatioiL  Retam  of  the  particalars  of  the  means  adopted  by  local  author- 
ities for  the  purification  or  disposal  of  sewage,  as  made  to  the  municipal  authori- 
ties of  the  borough  of  Rochdale.    4to.    1872. 

Contains  detoUs  as  to  the  popalation  of  towns,  area  of  sewage  farms  or  disposal  areas, 
average  rainfall  of  district,  cost  of  land,  namber  of  years  in  operation,  method  of  managing 
farm,  iuformation  as  to  nuisances  from  effluent,  etc.  Also  contains  the  particulars  as  to  a 
large  number  of  precipitating  plants  in  operation  in  England  in  1872. 

Sewage  treatment  at  the  Barking  and  CrotineM  ontfalU.  Report  by  the  engineer  for  the 
year  1894,  ordered  printed  by  the  main  drainage  committee  July  11,  1895.  The 
same  for  the  year  1893,  ordered  printed  by  the  main  drainage  committee  May  31, 
1894.    Five  pamphlets  in  all.    4to.    London. 

Sewage  utilisation  at  the  State  Lunatic  Asylum  at  Worcester,  Massachusetts.  Forty-seventh 
Annual  Report  of  the  Trustees,  for  the  year  ending  September  30, 1879.  Paper; 
8vo.     Boston,  1880. 

Contains  plans  of  the  sewage  atillsation  works  as  carried  out  in  1876  and  as  still  in  success- 
ful use  at  that  institution. 

Shedd  (J.  Herbert).    Report  on  sewerage  of  the  city  of  Providence.    Paper;  8vo. 

Providence,  1874. 
Slater  (J.  W.).    Sewage  treatment,  purification,  and  utilization.    12mo.  London,1888. 

Largely  devoted  to  description  and  discussion  of  special  processes  of  chemical  purification. 
Contains  a  list  of  patents  granted  for  sewage  purification  processes  by  chemical  treatment, 
f^m  1886.  inclusive.  The  total  number  of  patents  listed  in  that  period  is  given  at  page  454,  of 
which  11  have  been  taken  out  by  the  author  of  the  work. 

Snow  (F.  Herbert).    Report  on  sewer  assessments.    Paper;  8vo.    firockton,  1894. 

Staley  (Cady)  and  Fienon  (George  8.).    A  separate  system  of  sewerage,  its  theory 

and  construction.    Second  edition ;  8vo.    New  York,  1892. 

Contains  short  chapter  on  sewage  disposal. 

Storer  (F.  H.).  Agriculture  in  some  of  its  relations  with  chemistry.  2  vols.  8vo. 
New  York,  1888. 

Professor  Storer's  two  volumes  contain  a  survey  of  the  whole  field  of  scientific  agriculture 
to  date.  As  regards  sewage  utilization,  following  the  English  views  of  ten  to  fifteen  years 
ago,  he  is  disposed  to  say  that  it  can  not  be  made  commercially  successful.  His  work  should 
be  consulted  by  every  person  interested  in  the  subject. 

Tidy  (C.  Meynott).    The  treatment  of  sewage.    16mo.    New  York,  1887. 

Tiexnan  (F.)  and  Gartner  (A.).    Die  chemische  und  mlkroskopisch-bakteriologische 

Untersuchung  des  Wassers.    Paper;  8vo.     Braunschweig,  1889. 
Tottenham  Local  Board  of  Health.    A  report  on  the  disposal  of  sewage  of  the  district, 

made  by  the  Tottenham  local  board  in  May,  1870.    8vo.    London,  1870. 
Turner  (George).      Report  on  the  outbreak  of  enteric  fever  in  the  southeast  of 

London.    Made  to  the  public  health  department  May  18,  1892.     Paper;  4to. 

London,  1892. 
Terwaltungs-bericht  des  Hagistrats  in  Berlin.    Bericht  der  Deputation  fUr  die  Verwal- 

tung  der  Kanalisations  Werke. 

This  is  the  annual  official  statement  of  the  committee  in  charge  of  the  sewerage  system  of 
the  r.ity.  It  contains  full  details  as  to  the  management  of  the  sewage  farms  and  the  various 
scientific  observations  carried  out  there.  It  is  from  these  statements  that  the  tables  given  by 
Mr.  Roechling  in  his  paper  on  the  sewerage  works  of  Berlin  have  been  prepared.  The  last 
statement  at  hand  is  that  of  the  year  firom  April  1,  1892,  to  March  31, 1893. 

Waaklyn  (J.  Alfred).    Water  analysis.    Practical  treatise  on  the  examination  of 

potable  water.    7th  ed.    12  mo.    New  York,  1890. 
Waxdle  (Thomas).    Sewage  treatment  and  disposal.    8  vo.     London. 

While  this  work  has  no  date  on  the  title* page,  the  preface  is  dated  June  80, 1888.  Its  author, 
Thomas  Wardle,  esq.,  is  a  practicing  English  chemist  of  standing,  who  has  himself  perfected 
chemical  processes  of  purification.  The  work  contains  much  valuable  information  in  regard 
to  recent  sewage  disposal,  and  may  be  profitably  consulted,  although  it  is  largely  devoted  to 
showing  the  superior  value  of  Mr.  Wardle's  methods  of  purification  over  all  otliers. 
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Wariag  (George  £.,  Jr.).  The  sanitary  drainage  of  hoaaea  and  towns.  4th  edition ^ 
reyised  and  enlarged.    12mo.    Boston,  1888. 

An  exoellent  exposition  of  numy  of  the  fnndameiital  questions. 

Waring  (George  E.,  jr.)>  Draining  for  profit  and  draining  for  health.  2d  edition^ 
12mo.    New  York,  1883. 

Waring  (George  E.,  jr.).  Sewage  disposal  of  isolated  houses  and  large  institutions. 
Reprint  from  the  American  Architect,  March  12  to  April  9, 1892. 

Waring  (George  E.,  jr.).  Modern  methods  of  sewage  disposal.  12mo.  New  York, 
1894.    A  second  edition  has  heen  pahlished  in  1896. 

Waring  (George  E.,  jr.).  Pnrification  of  sewage  by  forced  aeration.  Report  of  an 
experimental  investigation  of  the  value  of  the  process  of  purifying  sewage  by 
means  of  artificially  aerated  bacterial  filters.  Paper;  8vo.  Newport,  Rhode 
Island,  1895. 

Waring  (George  E.,  jr.).  The  diapoeal  of  a  city's  waste.  Reprint  from  North  Amer- 
ican Review  for  July,  1895.    Paper;  8vo. 

Waring  (George  E.,  jr.).  A  report  on  the  final  disposition  of  the  waste  of  New  York 
by  the  department  of  street  cleaning.    Paper;  8vo.    New  York,  1896. 

Water  nippliea  of  dinoia  and  the  pollution  of  Ita  itreama.  A  preliminary  report  to  the 
Illinois  State  board  of  health,  by  John  H.  Ranch,  secretary;  with  2  appendixes: 

(1)  Chemical  inveatigations  of  the  water  aupplies  of  Illinois,  by  Prof.  J.  H.  Long ; 

(2)  The  Illinois  River  Basin  in  its  relations  to  sanitary  engineering,  by  Lyman 
E.  Cooley. 

The  beginning  of  very  vslnable  studies,  which  nnfortnnately  for  sanitary  science  have  not 
as  yet  been  continued. 

Whaelor  (W.  H.).    The  drainage  of  fens  and  lowlands.    8vo.    London,  1888. 

Wiloox  (L.).    Irrigatdon  farming.    A  handbook  for  the  practical  application  of  water 

in  the  production  of  crops.    12mo.    New  York,  1895. 
Wilson  (George).    A  handbook  of  hygiene  and  sanitary  science.    5th  edition.     12mo. 

Philadelphia,  1885. 
Worcester,  Kaasaehusetti.    Reporta  of  the  city  engineer  in  relation  to  tbe  diaposal  of  the 

sewage  of  the  city  of  Worcester,  made  in  1889,  in  response  to  a  request  of  the 

joint  standing  committee  of  the  common  council  on  sewers. 

Contains  an  interesting  acoonnt  of  a  number  of  foreign  sewage  disposal  works  visited  by 
the  city  engineer,  as  well  as  opinions  of  B.  8.  Brundell  and  James  Mansergh  in  regard  to  the 
probable  sncoess  of  agricultural  utilization  at  Worcester  in  comparison  with  sewage  utiliza- 
tion in  England,  basing  their  opinions  on  the  statements  submitted  as  regards  climate,  etc. 
The  sewage  disposal  works  at  Worcester  were  completed  and  pat  in  operation  In  1890.  M^ore 
recent  reportM,  those  of  the  superintendent  of  sewers*  give  detailed  information  as  to  cost 
of  operation  and  degree  of  purification  obtained.  They  may  be  consulted  for  a  complete 
exhibit  of  the  working  from  month  to  month  of  such  a  chemical-porification  plant. 

Woroaster  sewage  and  the  Blaekitone  Biver.  Reporta  on  the  pollution  of  the  Blac ketone 
River  by  the  Worceater  aewage,  etc.,  witb  a  project  for  the  purification  of  the 
aewage  of  Worcester,  by  Col.  George  £.  Waring,  jr. 

The  French  literature  011  sewage  disposal  is  quite  eztensivey  but  is 
necessarily  omitted  because  of  lack  of  space.  A  number  of  new  works 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  of  Hydrography, 

Washingioriy  October  28,  1898. 

Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  for  a 

paper  entitled  Water-Right  Problems  of  the  Bighorn  Mountains,  by 

Prof*  El  wood  Mead,  State  engineer  of  Wyoming.     This  paper  calls 

particular  attention  to  the  complications  arising  in  the  distribution 

of  water  as  a  result  of  the  haphazard  construction  of  small  irrigation 

ditches.     The  problems  encountered  in  this  region  are  typical  of  those 

which  are  to  be  met  in  nearly  every  State  of  the  West,  or  which  will 

be  met  in  the  near  future.     The  diflBculties  found  in  the  area  described 

are  accentuated  by  the  diversion  of  water  from  one  stream  across 

divides  into  other  natural  drainage  lines,  thus  connecting  and  greatly 

complicating  the  water  rights  of  one  individual  with  those  of  others. 

The  calling  of  public  attention  to  these  conditions  will  go  far  toward 

arousing  enlightened  sentiments  in  behalf  of  more  comprehensive 

laws  in  other  States  and  should  bring  needed  support  to  the  efforts  of 

officials  in  their  attempts  to  distribute  equitably  the  waters  of  the 

flowing  streams. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 

9 


.    NORTH  SIDE  O 


M  BUFFALO.  WVOMING 


WATER-RIGHT  PROBLEMS  OF  THE  BIGHORN  MOUNTAINS. 


By  Elwood  Mbad. 


INTRODUCnOK. 

The  Bighorn  Range  is  the  most  impressiye  feature  in  the  landscape 
of  northern  Wyoming,  and  its  scenic  beauties  are  made  the  more 
attractiye  by  the  striking  contrast  they  afford  to  the  surrounding 
region.  The  traveler  from  the  East  or  the  South  finds  the  clear,  cold, 
perennial  streams  which  flow  from  its  snow-clad  summits  a  grateful 
relief  from  the  alkaline  pools  or  dry  sand  channels  which  have  to  be 
largely  relied  on  when  journeying  toward  them.  The  lofty  and  rug- 
ged pinnacles  of  Cloud  Peak  (shown  in  PI.  I,  A)  are  made  all  the 
more  commanding  because  the  bad-land  hills,  which  form  the  summit 
of  the  Cheyenne  watershed,  are  so  commonplace  and  unattractive. 
West  of  the  range  is  the  Bighorn  Basin,  the  lowest  and  most  arid 
section  of  the  State,  where  the  dusty  roads  and  gray  stretches  of 
sagebrush  make  a  traveler  look  with  longing  at  the  snow-crowned, 
forest-clad  slopes  of  the  mountain  barrier  to  the  east. 

In  the  arid  States  mountains,  not  plains,  control  agricultural  devel- 
opment, and  this  isolated  barrier,  which  rises  near  the  middle  of  the 
northern  boundary  and  extends  southeast  nearly  to  the  center  of  the 
State,  has  done  more  to  people  the  northern  half  of  Wyoming  than  all 
other  influences  combined.  Without  it  the  section,  now  gridironed 
with  ditches  and  supporting  about  one-fourth  the  population  of  the 
State,  would  be  an  open  range  supporting  a  few  migratory  flocks  of 
sheep  and  herds  of  cattle.  The  latent  wealth  of  the  few  hundred 
square  miles  of  rocky,  barren,  and  almost  unoccupied  land  surface, 
over  8,000  feet  above  sea  level,  is  far  greater  than  that  of  any  equal 
area  in  the  valley  below.  This  region  gathers  and  stores  the  moisture 
which  alone  gives  value  to* the  land  below.  The  perennial  streams 
thereby  created  have,  in  their  diversion  and  use,  given  employment 
to  more  people,  attracted  the  investment  of  more  capital,  and  created 
more  problems  to  tax  the  wisdom  of  the  lawmakers  than  has  all  the 
unimproved  unlrrigated  farming  land  in  the  State. 

The  ease  and  cheapness  with  which  the  streams  can  be  diverted, 
the  fertility  of  the  soil,  and  the  exceptional  value  of  the  surrounding 
grazing  land  have  made  this  section  an  attractive  location  for  the  home- 
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seeker  of  limited  means.  It  is  a  region  of  small  ditches  and  individual 
appropriators  of  water.  On  the  eastern  slope  appropriation  began 
before  there  were  any  laws  governing  the  recording  or  establishment 
of  rights  thereto,  while  the  isolation  of  the  early  settlers  made  them 
disregard  or  give  little  heed  to  water-right  problems  until  the  needs  of 
users  began  to  exceed  the  available  supply;  since  then  the  multitude 
of  rights,  resulting  from  the  haphazard  location  of  ditches,  has  made 
a  satisfactory  settlement  of  many  of  these  problems  unusually  diffi- 
cult. Before  discussing  these  problems  a  brief  review  will  be  given 
of  the  progress  made  in  the  twenty  years  which  have  elapsed  since 
Manlius  Redmond,  a  settler  on  Clear  Creek,  built  the  first  ditch  and 
became  the  pioneer  farmer  of  the  northern  half  of  the  State. 

At  that  time  the  nearest  railway  station  in  the  State  was  Rock 
Creek,  on  the  Union  Pacific,  nearly  300  miles  away.  There  was  not 
a  fiour  mill  in  the  State,  and  the  long,  hazardous,  and  expensive  trip 
necessary  to  secure  the  plow  which  turned  the  first  furrow  and  the 
food  for  the  men  who  worked  on  it  added  greatly  to  its  cost.  Reclaim- 
ing the  desert  under  such  conditions  had  many  drawbacks,  and  the 
earlier  ditches  were  of  the  crudest  and  simplest  character.  There 
was  no  attempt  at  any  comprehensive  projects.  Each  irrigator  was 
a  law  to  himself.  Cooperative  ditches  or  canals  were  rare  excep- 
tions. This  explains  the  large  number  of  ditches  of  record,  and  is  the 
cause  of  many  of  the  obstacles  to  the  satisfactory  division  of  water 
which  confront  those  charged  with  this  duty. 

NUMBER  OF  APPROPRIATIONS  AND  ACREAGE  RECIiAIMED. 

The  records  of  the  State  engineer's  office  show  that  there  are  1,051 
adjudicated  rights  to  the  water  flowing  out  of  these  mountains. 
There  are  also  269  claims  which  have  been  recorded  and  approved, 
but  not  adjudicated.  In  addition  there  are  probably  100  ditches 
using  water  for  which  no  claim  has  been  filed.  The  adjudicated 
rights  describe  139,478  acres  of  land  to  which  these  rights  are  attached 
in  the  orders  of  the  board  of  control  establishing  them,  and  there  are 
appropriations  from  Crazy  Woman  Creek  aggregating  925.25  second- 
feet  where  the  land  irrigated  is  not  described.  Four  flour  mills  have 
rights  to  water  for  power  purposes  aggregating  324.50  second-feet, 
and  the  several  cities  and  towns  of  this  region  have  adjudicated 
rights  for  power  and  domestic  purposes  amounting  altogether  to  80.6 
second-feet. 

Along  the  northern  end  of  the  range  some  promising  placer  fields 
have  been  discovered,  and  rights  to  137.6  second-feet  have  been 
acquired  with  which  to  work  them.  .  The  total  volume  of  the  adjudi- 
cated rights  (3,455.4  second-feet)  is  in  excess  of  the  low- water  discharge 
of  the  streams  against  which  they  are  held,  but  is  below  the  maximum 
discharge,  so  that  the  securing  of  a  stable  and  adequate  water  supply 
for  many  of  the  irrigators  holding  adjudicated  rights  is  a  question  of 
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storage.  While  all  of  the  rights  for  irrigation,  established  by  the  board 
of  control,  are  based  on  State  surveys  of  the  ditches  and  on  sworn 
statements  of  the  acreage  irrigated  by  the  appropriators,  there  is  no 
question  that  these  4itatements  are  somewhat  in  excess  of  the  truth. 
Irrigation  and  reclamation  are  elastic  terms.  Spreading  water  over 
land  to  increase  the  growth  of  grass  for  pasturage  purposes  is  irrigation 
and  is  so  held  by  the  board  of  control,  but  it  is  not  the  complete  recla- 
mation that  is  accomplished  by  cultivation.  The  tendency  to  augment 
the  acreage  actually  watered  is  so  common  as  to  lead  to  the  belief  that 
it  is  unconscious.  In  the  absence  of  exaggeration  so  gross  as  to 
constitute  an  injustice  to  other  users,  such  a  claim  usually  passes  with- 
out protest  unless  it  includes  land  which  the  State  engineer's  surveys 
show  to  be  not  susceptible  of  irrigation.  The  total  acreage  irrigated 
is,  therefore,  below  the  figures  before  given.  A  deduction  of  10  per 
cent  for  exaggerated  acreages  and  for  areas  which  have  only  a  sur- 
plus or  flood- water  supply  would  not  be  excessive,  and  would  leave 
125,000  acres  as  the  actutd  area  irrigated  under  rights  established  by 
the  board  of  control.  This  is  more  than  half  the  acreage  given  as 
irrigated  in  the  entire  State  by  the  Tenth  Census. 

It  is  impossible  to  speak  with  equal  certainty  regarding  the  acre- 
age irrigated  under  appropriations  approved  by  the  State  engineer's 
of&ce,  but  which  have  not  yet  been  established  by  order  of  the  board 
of  control.  In  making  a  summary  of  these  rights  from  the  records  of 
the  engineer's  office,  all  canceled  permits,  or  those  which  have  not 
complied  with  the  requirements  of  the  State  law,  have  been  excluded. 
This  disposes  of  all  the  speculative  filings  which  were  made  prior  to 
1894,  during  the  time  that  no  fee  was  required  for  the  examination 
and  record  of  applications  to  appropriate  water.  Since  that  time  the 
stringent  regulations  governing  the  preparation  of  these  filings  have 
made  applications  so  expensive  that  the  tendency  to  make  these  for 
si)eculative  purposes  has  almost  disappeared.  While  the  applications 
for  permits  recently  approved  do  not  represent  actual  utilization, 
they  do  represent  projects  based  on  reliable  surveys,  which  are  being 
carried  out  by  people  who  are  in  earnest  and  who  have  sufficient  invest- 
ment in  the  work  to  make  its  completion  probable.  This  is  more 
nearly  true  of  the  appropriation  of  water  from  the  streams  of  this  region 
than  of  any  other  section  of  the  State,  as  there  are  no  large  projects. 
These  recorded  and  approved  permits  describe  214,000  acres  of  land 
for  which  irrigation  appropriations  are  claimed,  and  34  rights  to  water 
for  power  and  domestic  purposes. 

VAIiUE  OF  WATEB  BIGHTS. 

The  value  of  the  rights  to  the  water  which  fills  these  ditches  and  fer- 
tilizes the  land  under  them  is  an  interesting  subject  for  consideration. 
That  they  give  to  both  ditches  and  land  whatever  value  they  have  is 
unquestioned,  because  an  empty  ditch  and  an  arid  plain  are  alike 


14  WATEB-BIGHT  PROBLEMS   OF  BIGHORN  HOUNTAIN&       [iia& 

worthless.  But  while  the  right  to  water  gives  to  the  land  whatever 
value  it  has,  it  does  not  make  all  valnes  alike.  Cost  of  maintaining 
ditches,  ease  of  distributing  water,  fertility  of  the  soil  when  irrigated, 
and  the  value  and  extent  of  the  contiguous  range  are  elements  which 
have  their  influence.  The  fact  that  transfers  of  these  rights  have  not 
thus  far  been  recognized  by  the  irrigation  authorities  of  Wyoming 
has  prevented  any  transactions  of  this  character,  so  that  we  have  to 
go  to  surrounding  States  for  statistics  on  this  subject.  A  recent  sale 
of  a  right  to  78  second-feet  in  one  of  the  streams  of  northern  Colorado 
is  perhaps  the  best  illustration  of  the  present  value  of  this  form  of 
property.  In  this  sale  nothing  was  sold  but  the  right  to  take  water 
from  the  stream.  The  ditches  and  lands  by  which  it  was  conducted 
remained  in  the  possession  of  the  original  holders.  The  right  was 
moved  several  miles  from  its  original  location  and  required  another 
ditch  for  the  diversion  of  the  water,  and  yet  sold  for  a  little  more  than 
$250  per  second-foot.  Its  value  was  also  lessened  by  the  fact  that 
the  purchasers  knew  that  the  sale  would  be  contested  and  that  the 
expense  of  litigation  to'  establish  the  legality  of  the  transfer  would 
have  to  be  paid  by  them.  The  price  paid,  therefore,  was  far  below 
what  the  property  would  have  brought  had  the  sellers  been  able  to 
give  an  unquestioned  title  to  the  property,  and  is  not,  I  think,  above 
the  value  of  an  unquestioned  right  in  the  Bighorn  Mountains.  If 
this  is  true,  the  value  of  the  adjudicated  rights  to  the  water  of  this 
range  is  already  over  $1,000,000.  That  this  is  destined  to  be  greatly 
augmented  in  the  near  future  is  beyond  question.  The  commercial 
importance  of  the  water  rights,  therefore,  makes  their  legality  and  the 
measures  devised  for  their  enforcement  a  subject  of  great  economic 
interest. 

BOABD  OF  CONTROIi. 

Under  the  constitution  of  Wyoming  the  board  of  control  is  intrusted 
with  the  supervision  and  control  of  all  public  waters  of  the  State  and 
of  their  appropriation,  diversion,  and  distribution.  Its  administrative 
powers  are  therefore  very  broad.  It  has  not  only  to  determine 
rights  to  streams,  but  to  enforce  those  rights  afterwards.  It  has  five 
members.  These  are  the  State  engineer,  who  is  president,  and  the 
four  division  superintendents.  At  the  outset  the  board  endeavored 
to  outline  clearly  and  definitely  its  views  of  what  was  necessary  to 
complete  or  perfect  a  title  to  water,  and  so  to  simplify  the  methods  of 
taking  proof  as  to  enable  all  water  users  to  know  what  was  required 
and  to  prepare  and  submit  it  at  the  least  possible  outlay.  In  pursu- 
ance of  these  views  the  board  adopted  and  published  the  following 
governing  principles: 

1.  In  order  to  constitute  a  valid  appropriation  the  water  must  have 
been  used  for  some  beneficial  purpose,  and  in  the  case  of  appropria- 
tion for  irrigation  the  water  must  have  actually  been  applied  to  the 
land. 
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2.  The  amonnt  of  an  appropriation  is  governed  by  the  volume  used 
and  by  the  requirements  of  this  use — in  the  ease  of  appropriations 
for  irrigation,  by  the  needs  of  the  land  reclaimed. 

3.  Where  reasonable  diligence  is  shown  in  the  construction  of 
ditches  and  utilizing  water,  the  appropriation  dates  from  the  begin- 
ning of  work  on  the  ditch,  the  survey  to  be  considered  as  part  of  such 
work;  where  reasonable  diligence  is  not  shown,  the  appropriation 
dates  from  the  utilization  of  the  water. 

4.  Priority  of  appropriation  gives  priority  of  right,  except  in  the 
case  of  appropriations  made  between  1888  and  1891,  during  which 
time  the  law  made  appropriation  for  domestic  use  a  preferred 
priority. 

5.  Appropriations  for  irrigation  are  restricted  to  1  cubic  foot  per  sec- 
ond for  each  70  acres  irrigated.  While  this  does  not  necessarily 
apply  to  lands  reclaimed  before  the  enactment  of  the  State  law,  no 
appropriation  for  a  larger  amount  has  been  made,  because  in  all 
cases  so  far  considered  this  volume  has  appeared  ample. 

6.  Transfers  of  rights  to  water  made  in  advance  of  any  adjudica- 
tion, either  by  the  courts  or  by  the  board,  are  not  recognized,  the 
re^U9on  being  that  parties  had  not  such  ownership  as  would  enable 
them  to  give  valid  title  to  the  water  sold.  No  transfers  involving 
changes  in  location  or  character  of  use  have  been  recognized. 

As  the  operation  of  these  principles  is  uniform,  and  as  the  facts  on 
which  any  appropriation  rests  are  in  all  cases  the  same,  it  was  possi- 
ble to  prepare  a  blank  form  of  proof  for  the  guidance  of  irrigators, 
and  in  that  way  to  simplify  both  the  labor  of  preparing  proofs  and  of 
the  board  in  their  subsequent  examination.  The  following  is  the 
form  adopted: 

PROOF  OF  THB  AFPBOPBIATION  OF  WATER. 

From ,  Division  No. . 

State  yonr  name. 

1.  Post-office. 

2.  State  the  use  to  which  the  water  has  been  applied. 

3.  State  the  means  of  diversion  employed. 

4.  If  through  a  ditch,  state  its  name. 

5.  State  (a)  the  date  of  the  survey  of  the  ditch  or  other  distribnting  works 
through  which  the  water  claimed  is  diverted;  (b)  the  date  when  the  constmo- 
tion  of  such  ditch  was  began  and  when  completed. 

6.  If  any  enlargements  were  made,  state  the  date  when  begnn  and  the  date 
when  completed. 

7.  State  the  dimensions  of  the  ditch  as  originally  constructed  and  as  enlarged, 
and  if  measured  by  the  county  surveyor  under  the  provisions  of  the  act  of  1886, 
give  the  results  of  such  measurements. 

8.  State  the  name  of  person,  association  of  persons,  or  corporation  who  built  the 
ditch  or  canal,  and  the  name  or  names  of  its  present  owners. 

9.  If  water  is  claimed  for  irrigation,  give  the  legal  subdivisions  of  land  owned 
or  controlled  by  you  for  which  an  appropriation  is  claimed. 

10.  State  the  nature  of  your  title  to  the  above-described  land;  and  if  not  owned 
by  you,  give  the  name  of  the  owner  and  the  nature  of  the  possessory  right  which 
you  exercise. 
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11.  State  the  year  when  water  was  first  nsed  for  irrigation  or  other  beneficial 
purposes,  and  by  whom. 

12.  If  for  irrigation,  give  the  nnmber  of  acres  watered  the  first  year,  giving 
the  legal  subdivisions  on  which  used  and,  as  near  as  may  be,  the  acres  irrigated  in 
each  subdivision. 

13.  State  the  number  of  acres  watered  each  subsequent  year,  and  give  the  legal 
subdivisions  on  which  the  water  was  used  and,  as  near  as  may  be,  the  acres  irri- 
gated in  each  legal  subdivision. 

14.  State  the  number  of  acres  irrigated  from  said  ditch  in  189 — ,  and  give  the 
legal  subdivisions  on  which  water  was  used  and,  as  near  as  may  be,  the  acres  irri- 
gated in  each  subdivision. 

15.  State  the  acreage  said  ditch  is  capable  of  watering,  give  the  legal  subdivi- 
sions of  land  which  it  can  be  made  to  irrigate,  and  state  who  owns  said  land. 

16.  State  your  proportionate  interest  in  said  ditch. 

(16)  The  plat  prepared  by  the  State  engineer  is  hereby  accepted  as  showing 
correctly  the  location  of  the  ditch  and  the  land  which  can  be  irrigated  therefrom.  > 

17.  When  does  your  irrigation  season  begin  and  when  does  it  end? 

18.  If  water  is  used  for  other  purposes  than  irrigation,  state  the  nature  of  such 
use  and  the  time  when  such  use  began. 

19.  How  much  water  is  required  for  such  purpose? 

20.  During  what  months  is  the  water  used? 

21.  Have  you  or  any  other  claimant  of  said  appropriation  filed  a  claim  to  water 
in  the  office  of  the  county  clerk?  If  so,  give  date  of  filing  and  the  name  of  the 
party  or  parties  interested  in  scdd  claim. 

22.  Have  you  had  sufficient  water  each  year  since  the  use  for  which  an  appro- 
priation is  claimed  began? 

23.  If  not,  state  the  years  of  scarcity,  the  months  when  the  supply  was  insuffi- 
cient, and  the  reason  of  such  scarcity. 

I  hereby  certify  that  the  foregoing  affidavit  was  read  to  the  affiant  in  my  pres- 
ence before  he  signed  his  name  thereto;  that  said  affiant  is  to  me  personally  known 

(Or  has  been  satisfactorily  identified  before  me  by ),  and  that  I  verily 

believe  him  to  be  a  credible  person  and  the  person  he  represents  himself  tu  be; 

and  that  this  affidavit  was  subscribed  and  sworn  to  before  me  at ,  on  this 

day  of ,  189-. 


Division  Superintendent. 

Dear  Sir:  Tour  attention  is  called  to  the  inclosed  proof  of  appropriation.  It  is 
the  intention  of  the  law  and  also  of  the  board  of  control  to  make  the  adjudication 
of  rights  to  the  use  of  water  as  inexpensive  to  the  appropriator  as  possible.  Con- 
sequently you  are  requested  to  cooperate  with  the  division  superintendent  to  whom 
you  submit  your  testimony  to  the  extent  that  you  prepare  yourself  to  answer  all 
questions  readily  and  accurately  before  the  day  set  for  submitting  said  testimony. 

Tour  special  attention  is  called  to  those  questions  whose  answers  indicate  the 
date  of  your  appropriation  and  use  of  the  water,  and  to  the  acreage  of  land  irri- 
gated and  description  thereof. 

By  complying  with  this  request  you  will  not  only  facilitate  the  taking  of  tes- 
timony, but  will  insure  the  correct  establishment  of  the  respective  rights  and 
possibly  prevent  expensive  and  aggravating  litigation. 

Tours  truly,  , 

DivUsion  Superintendent, 


>  In  case  there  ia  objection  to  the  official  plat,  the  parties  objecting  must,  when  giving  proof, 
file  a  written  statement  of  the  reasons  therefor,  and  must  within  thirty  days  file  with  the  divl- 
Bion  superintendent  a  map  of  said  ditch  and  irrigated  lands,  with  affidavit  of  sarveyor,  giving 
date  of  survey,  attached  thereto. 
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WATER  DIVISIONS  ANI>  DISTRICTS. 

In  order  that  each  of  the  more  than  1,000  holders  of  water  rights 
shall  obtain  his  share  of  the  common  supply  there  must  be  some  offi- 
cer to  see  that  the  rights  are  enforced  and  protected  in  times  of 


Fia.  L^Location  of  water  districts  in  portions  of  Divisions  II  and  III. 

scarcity.    For  convenience,  and  in  order  to  make  the  work  more 
effective,  the  entire  State  has  been  divided  into  four  parts,  called 
water  divisions,  and  these  divisions  have  been  subdivided  into  dis- 
IBB23 2 
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tricts,  there  being  at  present  forty  districts  in  the  four  divisioiis. 
The  boundaries  of  divisions  are  fixed  by  statute,  those  of  districts  by 
orders  of  the  board  of  control,  both  being  determined  by  drainage 
lines.  The  ofl&cer  in  charge  of  a  division  is  called  a  water  superin- 
tendent. He  has  general  control  of  the  work  of  the  water  commis- 
sioners, which  is  the  title  of  the  officers  in  charge  of  districts.  The 
limits  of  a  district  are  determined  by  the  work  to  be  done.  The  greater 
the  number  of  ditches  and  the  more  variable  the  supply  the  smaller 
the  territory  a  commissioner  can  supervise. 

The  Bighorn  watershed  forms  part  of  two  divisions,  the  eastern 
slope  being  in  Division  II,  and  the  western  in  Division  HI.  The  por- 
tion in  Division  11  is  subdivided  into  five  districts,  numbered  from 
the  south  northward  2,  3,  4,  5,  and  6.  The  portion  in  Division  III  is 
subdivided  into  districts  4,  6,  and  7.  Fig.  1  shows  the  location  and 
boundaries  of  the  several  districts. 

Adjudications  of  rights  to  water  have  been  had  in  districts  3,  4, 
and  5  of  Division  11,  and  in  district  6  of  Division  III.  Partial  adjudi- 
cations have  been  had  in  districts  2  and  6  of  Division  11.  In  the 
unadjudicated  districts,  or  parts  of  districts,  there  is  still  a  surplus 
water  supply,  rendering  the  services  of  a  commissioner  unnecessary 
and  permitting  further  delay  in  the  determination  of  rights. 

APPROPRIATIONS  IK  DIVISION  II. 
DISTRICT  a.  CRAZY  WOMAN  CREEK. 

In  1889  scarcity  of  water  in  Crazy  Woman  Creek,  a  tributary  of 
Powder  River,  led  to  an  adjudication  of  rights  thereto.  Wyoming 
was  then  a  Territory,  and  the  procedure  was  had  under  the  irrigation 
law  of  1886.  Under  this  law  the  testimony  of  appropriators  was  sub- 
mitted to  a  master  commissioner,  appointed  by  the  judge  of  the  dis- 
trict court,  and  the  final  decree  was  based  upon  his  findings.  The 
outcome  was  not  satisfactory.  Water  commissioners  say  that  the 
decree  can  not  be  enforced  because  it  does  not  conform  to  physical 
conditions,  while  late  appropriators  complain  that  the  earlier  priori- 
ties are  for  excessive  amounts.  The  reasons  for  these  objections  and 
the  basis  of  the  master  commissioner's  findings  can  best  be  under- 
stood from  an  analysis  of  the  decree.  As  it  deals  with  the  most 
important  and  most  controverted  water-right  questions,  not  of  Wyom- 
ing alone,  but  of  all  the  arid  States,  it  merits  discussion.  The  decree, 
known  as  "John  R.  Smith,  etc.,  v.  Henry  W.  Devoe,  etc.,"  reads  in 
part  as  follows: 

DECREE  OF  1889. 

This  canse  coming  on  for  hearing  upon  the  motion  to  confirm  the  report  of  the 
special  commissioner,  made  at  the  present  term,  and  upon  the  whole  case,  and 
the  conrt  being  sufficiently  advised,  it  is  now  adjudged  that  said  report  of  the 
special  commissioner  be  confirmed,  and  no  exceptions  having  been  filed  or  taken 
thereto,  that  the  several  findings  of  the  commissioner  be  approved  and  confirmed. 
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and  fhat  they  be  taken,  decreed,  and  held  in  all  respects  as  the  findings  of  this 
court  in  respect  to  each  ditch  and  canal  set  out  and  reported  in  said  rei>ort,  num- 
bered as  to  ditches  and  priorities  in  the  appropriation  of  water,  for  beneficial 
purposes,  from  Crazy  "Woman  Creek  and  its  several  tributaries,  respectiyely,  from 
1  to  27,  inclusively,  and  that  the  owner  or  owners  of  said  several  ditches  and  canals 
are,  and  shall  be  entitled,  by  original  construction  and  the  enlargement  of  their 
respective  ditches  and  canals,  to  priority  in  the  appropriation  of  water  from  said 
Crazy  Woman  Creek  and  its  tributaries  to  the  extent  and  in  the  order  hereinafter 
set  out. 

PRIOBITT  NO.  1. 

James  A.  DowUn,  the  owner  of  said  ditch  by  virtue  of  the  construction  thereof, 
shall  be  entitled,  through  said  ditch,  to  so  much  water  from  Billy  Creek,  one  of 
the  tributaries  of  Crazy  Woman  Creek,  as  may  be  necessary  and  uoeful  to  irrigate 
1(M)  acres  of  land  lying  thereunder,  not  to  exceed  8.65  cubic  feet  of  water  per  second 
of  time,  and  the  same  shall  be  designated  and  known  as  priority  No.  1. 

PRIORITY  NO.  2. 

That  John  R.  Smith  and  Agnes  D.  Smith,  the  owners  of  the  "John  R.  Smith 
ditch"  by  original  construction  thereof,  shall  be  entitled,  through  said  ditch,  to  so 
much  water  from  Crazy  Woman  Creek  and  its  several  tributaries  as  may  be  nec- 
essary and  useful  for  the  irrigation  of  1,200  acres  of  land  lying  thereunder,  not  to 
exceed  67.03  cubic  feet  of  water  per  second  of  time,  and  the  same  shall  be  priority 
No.  2. 

PRIORITY  NO.  8. 

That  the  Wyoming  Land  and  Cattle  Company,  corporation,  being  the  owner 
of  what  is  known  as  the  *' North  Fork  ditch,"  taking  its  water  from  the  North 
Fork  of  Crazy  Woman  Creek,  by  original  construction  thereof,  shall  be  entitled 
through  said  ditch  to  so  much  water  from  said  North  Fork  of  Crazy  Woman 
Greek  as  may  be  necessary  to  irrigate  800  acres  of  laud  owned  by  said  company 
and  lying  under  said  ditch,  not  to  exceed  80  cubic  feet  of  water  per  second  of 
time,  and  the  same  shall  be  priority  No.  8. 

The  wording  in  the  case  of  the  remaining  priorities  is  essentially 
the  same,  with  the  exception  of  the  names  of  owners,  ditches,  and 
other  details.  The  principal  facts  are  given  in  the  table  on  page  23. 
In  the  following  table  are  the  dimensions  of  the  several  ditches  men- 
tioned in  the  order  and  decree  in  this  case  and  given  in  the  rei)ort  of 
the  sx>eoial  commissioner. 
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Dimensions  of  ditches  taking  toaterfrom  Craay  Woman  Creek. 


Priority 
number. 


1 

2 

8 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

m 

20 

20i 

21 

22 

28 

24 

25 

25i 

26 

26i 

27 


Name  of  ditch. 


Billy  Creek 

John  R.  Smith 

North  Fork 

Harris  No.  1 

EingBbtiry  No.  1 

Halt 

Red  Bark 

Moreton 

Ck)ok 

North  Fork  of  Crazy  Woman. 
Muddy  Creek 


Kingsbury  No.  4 

Kingsbury  No.  8 

Kingsbury  No.  2 

Kennedy 

Dick J 

Burton,  Kelly  Creek  . . . 

Blue  Gap 

Teddy  Miller 

Fort  Collins 

North  Fork  (c) 

Devoe  No.  1 , 

Devoe  No.  2 

Canton,  Kelly  Creek  . . . 

Thompson  Brothers 

Thompson  &  Matthews. 
Moreton  enlargement . . . 

Mitchell  &  Long 

Kennedy  enlargement . 
Harris  No.  2 , 


Average  dimensions. 


Top 
width. 


Feet. 

7 

7.5 


6 

2 

5.5 

9.5 

6.2 
10 

7 

6 

7.6 

2 

2 

2 
o7.1 

8.5 
61.5 

7.5 
18.75 
20 

8.6 
14 
10 

5 

6.5 
d9 


11.7 


Bottom 
width. 


Feet. 
5 
5 
4 
4 
1 

8.6 
7.5 
4 
6 

4.5 
4 
5 
1 
1 
1 


5.5 

7 
10 

5.5 
10 

8 

8 

8.5 

5 


6 

7.1 

8 


Depth. 


Feet. 
1 

2.75 

1.5 

1.50 

1 

1 

1.2 

1.1 

1.8 

2 

1 

1.3 

1 

1 

1 

2.3 

1.75 

1 

1 

2.25 

8.7 

1.5 

2 

2.5 

1.5 

1 

1 

1.9 

1.5 

2.3 

1 


Grade 
per  mile. 


a  Average  width  as  originally  constructed. 

b  Average  width. 

c  Enlarged  by  Covington  and  Mays. 

d  Average  width  as  enlarged. 

e  Grade  4  feet  to  the  mile  part  of  the  way  and  15  feet  for  the  remainder. 


Feet. 
7.2 

12 

24 

6.25 
73.95 
16.5 
12.7 
19 

8 

4.5 

5 

5 

29.94 
29^ 

7U 
6.3 

10 

15 

28 

12 
8.17 

24 
8 

5.28 
5.28 

20 

5.28 

4 
24 
6.28 
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OBJECTIONS  TO  THE  DECREE. 

The  water  described  in  this  decree  would  safBice  for  the  irrigation 
of  between  50,000  and  75,000  acres  of  land  even  under  the  waste- 
ful methods  which  prevail.  The  property  disposed  of  was  of  great 
value.  If  a  second-foot  of  water  is  worth  1250,  rights  to  900  second- 
feet  are  of  enough  importance  to  warrant  an  inquiry  into  the  meth- 
ods by  which  they  were  acquired.  Nothing  is  more  indispensable,  if 
we  are  to  avoid  disastrous  controversies,  than  to  have  the  acts  by 
which  a  right  to  water  is  secured  clearly  defined  and  the  limitations 
on  that  right  definitely  prescribed  by  law.  Every  user  of  water  wishes 
to  know  how  the  title  thereto  is  to  be  secured,  while  everyone  inter- 
ested in  the  growth  and  success  of  irrigated  agriculture  wishes  to  be 
certain  that  the  commodity  on  which  its  success  depends  shall  not  be 
wastefuUy  or  fraudulently  transferred  to  private  or  speculative  own- 
ers. The  results  of  this  adjudication  have  apparently  not  answered 
either  of  the  questions  clearly  or  to  the  satisfaction  of  those  directly 
concerned. 

Controversies  over  the  legality  of  these  rights  and  over  the  discre- 
tionary authority  of  the  water  commissioner  in  enforcing  the  decree 
began  the  first  season  of  its  operation  and  still  continue.  That  all 
should  have  agreed  waef  out  of  the  question.  The  Territorial  law  was 
both  indefinite  and  contradictory  in  its  provisions.  Those  claiming 
rights  were  not  agreed  either  as  to  the  meaning  of  the  law  or  in  their 
views  of  an  irrigator's  needs.  Nor  was  the  method  of  taking  proof  cal- 
culated to  disclose  the  facts  on  which  a  just  or  satisfactory  settlement 
of  these  rights  must  rest.  There  was  no  measure  of  the  fiow  of  the 
stream.  There  was  no  survey  of  the  ditches,  of  the  lands  irrigated, 
or  of  the  lands  which  could  be  irrigated.  There  was  no  proof  of  the 
actual  volume  of  water  diverted  or  of  the  needs  of  the  land  for  which 
its  use  was  claimed.  All  that  was  required  in  this  disposal  of  public 
property  was  for  each  individual  claiming  a  right  therein  to  file 
proof  of  the  building  of  a  ditch  and  his  estimate  of  the  volume  it 
would  divert.  The  first  objection  to  this  was  the  lack  of  knowledge 
of  the  claimants  themselves.  Not  one  of  them  knew  accurately  the 
carrying  capacity  of  his  ditch  or  the  volume  needed  to  reclaim  an 
acre  of  land.  To  all  the  expression  "cubic  foot  per  second"  was  an 
almost  meaningless  term.  It  would  have  meant  just  as  much  if  the 
volume  had  been  expressed  in  liters.  Granting  that  the  desire  of  all 
was  to  claim  only  what  they  were  entitled  to,  their  success  in  doing 
this  would  be  wholly  accidental.  Nor  was  the  submission  of  these 
statements  to  a  judge  or  a  commissioner  having  no  greater  prac- 
tical knowledge  than  the  irrigators  themselves  a  wise  provision.  The 
questions  to  be  determined  were  physical,  not  legal,  and  without  some 
knowledge  of  either  the  volume  which  the  stream  carried  or  the  water 
used  on  an  acre  of  land  these  ofiicers  were  in  no  way  prepared  to  pass 
on  the  reasonableness  of  the  claims. 
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In  the  absence,  therefore,  of  a  contest  among  the  claimants  them- 
selves, by  which  the  facts  would  be  disclosed,  it  was  possible  for  claims 
to  be  filed  and  approved  which  would  establish  rights  to  many  times 
the  volume  used  or,  on  the  other  hand,  which  would  be  below  thj) 
claimants'  real  needs.  Both  of  these  i^esults  actually  occurred  in  this 
adjudication.  In  saying  this  there  is  no  desire  to  reflect  on  anyone. 
The  outcome  of  this  adjudication  will  compare  favorably  with  that  of 
most  decrees  rendered  under  this  or  similar  laws  elsewhere.  What  is 
desired  is  to  explain  at  the  outset  that  a  law  which  gave  the  court  no 
power  to  get  at  the  facts  by  an  impartial  examination,  but  whiek,  on 
the  contrary,  made  the  disposal  of  a  stream  depend  almost  whoUy  on 
the  knowledge  or  honesty  of  those  claiming  it,  could  scarcely  lead  to 
anything  but  dissatisfaction,  if  not  injustice. 

It  would  seem  that  in  fixing  the  volume  of  these  rights  the  reason- 
ableness of  the  claims  should  have  been  looked  into  and  some  uniform 
test  applied  by  which  their  legality  or  necessity  could  be  determined. 
The  importance  of  this  proceeding  and  its  influence  on  further  devel- 
opment was  very  great.  This  was  a  final  transfer  of  a  stream  from 
public  to  private  control.  It  was  the  surrender  by  the  State  of  a  part 
of  its  most  valuable  property  and  on  the  use  of  which  its  ultimate 
population  and  wealth  depend.  Realizing  this  fact,  as  all  thought- 
ful minds  do,  it  hardly  seems  reasonable  that  an  ex  parte  claim 
should  have  been  accepted  without  question  and  made  the  basis  of 
the  grant  of  a  water  right.  To  give  every  claimant  all  he  asked 
without  inquiry  as  to  his  needs  or  the  work  actually  done  to  entitle 
him  to  anything  would  seem  to  be  so  unwise  as  to  need  no  discussion. 
It  makes  the  expression ' '  adjudication  "  a  farce.  It  wi  11  be  se^a,  how- 
ever, from  an  analysis  of  the  decree  that  this  is  practically  what 
happened.  The  statute  required  the  evidence  of  claimants  to  dis- 
close the  capacity  of  the  ditch  diverting  water  and  the  acreage  of  land 
which  could  be  irrigated,  and  the  implication  seems  fair  that  the  inten- 
tion of  its  f  ramers  was  that  this  proof  should  guide  the  oourt  in  fixing 
the  amounts  of  appropriations.  If  this  is  correct,  then,  under  this  law, 
the  amount  of  tibie  appropriator's  right  to  water  should  have  been 
determined  by  two  facts:  First,  the  capacity  of  the  ditch  or  canal  to 
divert  water  from  the  stream;  second,  the  volume  which  had  actually 
been  applied  to  beneficial  use  and  the  requirements  of  that  use.  The 
language  of  the  decree  in  its  opening  paragraph  would  seem  to  imply 
that  the  construction  of  ditches  alone  gave  appropriators  their  rights 
and  that  the  application  of  water  to  a  beneficial  use  was  not  deemed 
essential.  The  iK)rtion  of  the  decree  on  which  this  statement  is  based 
is  as  follows: 

And  that  the  owner  or  owners  of  f»id  several  ditches  and  canals  are,  and  shall 
be,  entitled  by  original  constrnction  and  the  enlargement  of  their  respective  ditches 
and  canal  to  priority  in  the  appropriation  of  water  from  said  Crazy  Woman  Creek 
and  its  tributaries  to  the  extent  and  in  the  order  hereinafter  set  forth. 
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If  rights  were  based  on  the  construction  of  ditches,  it  would  seem 
that  the  amounts  appropriated  should  have  been  fixed  by  their  capac- 
ity. To  determine  whether  or  not  this  was  done  the  capacitj^  of  these 
ditches  was  computed.  The  dimensions  given  in  the  decree  were 
assumed  to  be  correct,  and  the  discharge  was  determined  by  the  use 
of  Kutter's  formulse,  a  uniform  coefficient  of  roughness  of  0.025  being 
assumed.  This  would  give  a  discharge  above  the  actual  flow  for  all 
except  the  largest  ditches,  because  the  small  ones  are  poorly  built, 
with  rough  sides  and  sharp  and  irregular  curves.  In  the  table  which 
follows  the  computed  capacity  and  the  volume  decreed  are  both  given, 
with  the  difference  between  such  appropriation  and  the  discharge  of 
the  ditch: 


Capacity  of  ditches  taking  water  from  Crazy  Woman  Creek  and  volume  of  water 

allotted  by  decree  of  1889, 


• 

u 

s, 

a 
g 

s 
I 

Name  of  ditch. 

Name  of  appropriator. 

Volume  allotted  in  de- 
cree, in  cubic  feet  per 
second. 

Computed  capacity  of 
ditch,   in   cubic   feet 
per  second. 

Excess  of  allotment  over 
computed  capacity  of 
ditch. 

Deficiency  of  allotment 
under  computed  ca- 
pacity of  ditch. 

Number  of  acres   wa- 
tered or  proposed  to 
be  watered. 

Number    of    acres  to 
each  cubic  foot  per 
second  allotted. 

Total  volume  allotted, 
in  cubic  feet  per  sec- 
ond. 

1 

BUly  Creek 

John  B.  Smith... 
North  Fork—:.- 

Harris  No.  1 

Kingsbury  No.  1. 
Holt...: 

J.  A.  Dowlin 

8.66 
007.08 
30 

12.2 
3.75 
8.20 

37.4 

22.32 

33.56 

28 

8.4 

17.9 

2.35 

2.29 

8.6 

32 

12.32 

8.6 

26.6 

84.46 
210 

26 

60.10 
78.11 
10.60 

17.3 

12 

46.72 

25 
10 

16.20 
80.20 
18.60 

14.25 

3.36 

12.60 

18.70 
28.05 
31.68 
23 

8 

14.74 

1.92 

3.08 

3.04 

37.66 

28.48 

L80 

20.16 

68.25 
166.60 

63 
72 

58.05 
10.20 

16 

10.50 

60.33 

14.40 
0 

"7."83" 
n.40 

"Vao' 

18.70 

"i.'w 

6 

.40 

3.16 

.43 

■".'56 

1.80 

6.85 

26.20 
43.50 

'26.'06 
.30 

1.30 

1.60 

6.30 

10.60 

1 

7.65 

2.05 
"4.40' 

"6.'73" 

"Vre 

■6.66 
16.16 

38 
11.90 

160 

1,200 
800 

160 
160 
160 

800 

400 

8.300 

300 

300 
200 
300 
300 
160 

18.6 
17.8 
26.6 

12.3 
43.8 
18.3 

20.8 
17.9 
96.3 
10.3 

a5.7 

11.1 

127.6 

133.3 

44.4 

8.66 

2 
3 

4 

John  B.  and  Agnes  Smith 
Wyoming  Land  and  Cat- 
tle Co. 
W.  Harriff,     ..    

75.68 
106.68 

117.88 

6 

D.  A.  Kinssburr 

121.63 

6 

Wyoming  Land  and  Cat- 
tie  Co. 
B.  J.  and  J.  M.  Soott  et  al. 

Moreton  Frewen 

Orrin  Cook  et  al 

120.83 

7 
8 

Red  Bark 

Moreton 

167.28 
180.56 

9 

Cook 

223.10 

10 

North  Pork  of 
Crazy  Woman. 
Muddy  Creek 

J.  A.  Dowlin 

251.10 

11 

do 

250.60 

12 

Px .'.' 

C.  Basch  and  O.  Speral.. 

D.  A.  Kingsbury 

do _ 

277.40 

13 
14 

Kingsbury  No.  4. 
Kingsbury  No.  8. 
Kingsbury  No.  2. 
Kennedv 

279.75 
282 

16 

do 

286.60 

16 

B.  Kennedy  et  al 

Powder    Biver    Cattle 

Co.,  M.  Prewen.6 
John  Burton .......... 

817.00 

17 

Dick  -.;. 

600 

160 

1,600 

1,160 
21,000 

800 
2,000 
3.000 

100 

160 

800 

4,000 

1,200 
100 

48.7 

44.4 

66.6 

13.7 
100 

32 
83.3 
38.7 
9.6 

9.2 

66,7 

85.8 

48 
10 

329.92 

18 

Burton,  Kelly 

Creek. 
Blue  Gap 

Teddy  Miller.... 
Port  Collins 

NorthPork 

DevoeNo.  1 

DeroeNo.  2 

Canton,  Kelly 

Creek. 
Thompson  Bros . 

Thompson   & 
Matthews. 

Moreton  enlarge- 
ment. 

Mitchell  Sb  Long. 

Harris  No.  2 

833.52 

19 

m 

20 

20* 

21 

22 

28; 

Little  N  orth  Fork  Ditch 

Co. 

P.  G.  8.  Hesse 

Fort  Collins  Land  and 

Improvement  Co. 
J.  May  and  C.  Covington 
H.  W.  and  C.  M.  Devoe. . 

do 

F.  M.  Canton  

380.02 

444.47 
664.67 

679.47 
739.57 
817.68 
828.18 

24 
26 

F.  S.  and  G.  F.  Thomp- 
son. 
do 

815.48 
867.48 

254 

P.G.  8.  Hesse 

903.20 

26 
27 

B.  Long,  M.  P.  MitcheU. 
W.  Harrifl 

928.20 
038.20 

a  Based  on  computation  made  in  State  engineer's  office.        h  All  the  land  owned  by  them. 
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While  rights  may  have  been  acquired  through  the  building  of  these 
ditches,  the  volumes  decreed  were  manifestly  not  based  on  their 
capacity.  Appropriator  No.  1,  after  building  a  ditch  to  carry  16  feet, 
was  given  only  a  fraction  over  half  that  amount,  while  in  contrast 
thereto  the  third  appropriator  was  given  11  feet  more  than  his  ditch 
would  divert.  The  seventh  appropriator  was  given  2  second-feet  for 
each  foot  the  ditch  could  carry,  while  the  seventeenth  was  cut  down 
to  less  than  half  what  had  been  or  could  be  taken  from  the  stream. 
Priority  No.  18  was  favored  with  a  double  allowance,  while  No.  20^- 
got  only  half  a  loaf.  Some  of  the  appropriations  agree  approximately 
with  the  volume  which  the  ditch  could  divert,  but  the  number  which 
are  either  far  above  or  far  below  shows  that  this  agreement  was  acci- 
dental and  not  based  on  any  investigation  of  this  question. 

EXCESSIVE  AMOUNTS  GIiAIMED. 

Nearly  all  recent  laws  and  decisions  are  agreed  that  simply  divert- 
ing water  does  not  of  itself  complete  a  right  to  it;  that  in  addition 
the  water  so  diverted  must  be  applied  to  some  beneficial  use.  If  this 
test  be  applied  to  appropriations  for  irrigation,  the  actual  acreage 
reclaimed  might  properly  be  taken  as  the  measure  by  which  the  vol- 
ume appropriated  should  be  determined.  All  of  these  appropriations 
are  for  this  purpose,  and  all  except  one  of  them.  No.  16,  states  the 
acreage  to  be  irrigated,  and  in  the  excepted  case  it  is  restricted  to  the 
land  owned  by  the  claimants.  A  casual  inspection  of  the  number  of 
acres  irrigated  and  the  amount  decreed  shows  that  the  need  of  the 
land  had  no  weight  in  fixing  these  rights.  While  the  measurements 
of  the  water  used  in  irrigating  an  acre  of  land  have  not  as  yet  taken 
the  range  or  embraced  all  the  conditions  needed  to  fix  the  absolute 
volume  to  be  used  on  that  area,  enough  have  been  made  to  show 
the  approximate  limits  of  such  use.  In  a  series  of  tests  begun  by  the 
State  engineer  and  continued  by  the  State  University  of  Wyoming 
there  was  not  a  single  instance  in  which  the  duty  of  a  second-foot  fell 
below  80  acres.  As  these  tests  were  made  in  widely  separated  locali- 
ties, embraced  a  wide  range  of  crops,  and  were  continued  for  five 
years,  this  may  fairly  be  taken  as  a  limit  of  the  actual  needs  of  irri- 
gation, and  the  State  legislature  has,  since  this  decree  was  rendered, 
made  any  appropriation  in  excess  of  1  second-foot  to  70  acres  illegal. 

The  land  along  Crazy  Woman  Creek  can  be  irrigated  with  less  water 
than  is  required  in  some  of  the  localities  where  the  volume  used  was 
measured,  and  there  is  no  reason  to  question  th  3  statement  that  a  duty 
of  1  second-foot  to  80  acres  is  below  rather  than  above  the  actual  prac- 
tice along  the  stream.  But  whether  this  be  true  or  not,  it  is  cer- 
tain that  the  need  of  1  acre  is  approximately  the  same  as  that  of  every 
other  acre.  There  is  so  little  variation  in  the  soil  and  in  the  crops 
grown,  that  sufficient  water  for  one  80-acre  tract  is  enough  for  any 
other  equal  area  along  the  same  stream. 
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This  fact  could  not  have  been  considered  in  fixing  these  rights.  In 
the  table  given,  one  colamn  gives  the  acres  to  be  irrigated;  in  the 
next  column  are  the  acres  for  which  1  second-foot  of  water  was 
decreed.  It  will  be  seen  that  the  first  appropriator  is  given  1  second- 
foot  for  each  18  acres  of  his  land,  or  at  least  four  times  the  volume 
needed,  while  the  fourteenth  appropriator  is  required  to  spread  a  sec- 
ond-foot over  133  acres.  When  the  owner  of  priority  No.  20  found  he 
was  allowed  only  1  second-foot  for  100  acres,  while  his  neighbor,  own- 
ing the  twenty-seventh,  was  given  the  same  volume  for  10  acres,  he 
could  not  be  blamed  for  objecting  to  the  discrimination. 

All  of  these  awards  are  for  a  continuous  flow  for  the  entire  year. 
In  practice,  however,  the  use  of  water  in  irrigation  extends  over  a 
period  of  only  three  to  four  months.  Assuming  one  hundred  days  to 
be  the  time  of  actual  need,  the  irrigator  under  priority  No.  1  is 
allowed  water  enough  to  cover  his  land  to  a  depth  of  10.8  feet,  while 
the  irrigator  under  priority  No.  14  can  cover  his  land  with  only  1.5 
feet.  The  irrigator  under  priority  No.  24  can,  if  he  desires,  submerge 
his  farm  under  nearly  22  feet  of  water,  while  the  appropriator  under 
priority  No.  13  can  cover  his  with  less  than  that  many  inches. 

The  excessive  volumes  of  these  appropriations  make  it  manifest 
that  the  necessities  of  the  land  irrigated  had  no  more  to  do  with  deter- 
mining the  volume  decreed  than  had  the  size  of  the  ditches.  It  is 
necessary  to  look  further,  therefore,  to  learn  the  reason  for  making 
some  rights  exceed  the  capacity  of  ditches  and  others  fall  below,  and 
for  allowing  some  appropriators  more  water  for  80  acres  than  was 
given  others  for  800. 

In  1886  a  law  was  passed  requiring  parties  claiming  appropriations 
of  water  to  file  in  the  county  clerk's  office  a  statement  of  their  claim. 
This  law  required  that  the  statement  should  contain  a  description  of 
the  ditch,  the  name  of  the  stream,  and  the  number  of  acres  lying 
under  the  ditch  and  irrigated  or  proposed  to  be  irrigated.  In  the 
same  law  was  a  provision  for  a  similar  statement  of  claim  for  pro- 
posed ditches,  which  required  any  party  intending  to  appropriate 
water  to  file  a  similar  statement  with  the  county  clerk.  It  contained 
the  same  provisions  as  the  section  relating  to  existing  ditches,  with 
several  additional  ones  relating  to  protection  of  existing  rights  and 
fixing  the  time  for  beginning  of  work,  together  with  the  following 
ambiguous  and  misleading  clause: 

And  from  the  time  of  filing  any  snch  statement  water  sufficient  to  fill  such  ditch 
or  ditches  and  to  snhserve  the  use  or  uses  aforesaid,  if  a  lawful  and  just  use,  shall 
he  deemed  and  adjfudged  to  he  appropriated. 

Those  who  know  anything  about  the  difficulties  which  beset  engi- 
neers in  the  measurement  of  water  can  realize  how  difficult,  if  not 
impossible,  it  was  for  farmers  having  no  knowledge  of  hydraulics  to 
make  a  correct  estimate  of  the  volume  they  had  actually  diverted 
and  used,  and  that  it  was  impossible  for  them  to  make  an  accurate 
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claim  for  the  volame  they  proposed  to  use.  A  law  which  would  give 
to  each  irrigator  all  he  claimed  would  be  an  absurdity,  if  every  claim 
was  known  to  be  limited  to  the  claimant's  estimate  of  his  actual 
needs,  because  of  the  difference  in  the  capacity  of  claimants  to  make 
a  just  or  accurate  estimate;  but  a  law  which  throws  the  door  open  to 
speculative  claims  and  declares  that  a  speculative  absorber  of  streams 
can  secure  an  adjudicated  right  thereto  simply  by  asking  for  it  is  an 
iniquity.  The  Territorial  water  law  was  not  framed  for  that  purpose, 
but  it  nevertheless  opened  the  door  for  the  water  grabber. 

Thirty-one  claimants  to  the  water  of  Crazy  Woman  Creek  filed  these 
statements,  some  being  for  existing  ditches  and  some  for  proposed 
ones.  It  does  not  appear  from  their  character  that  there  was  any 
attempt  to  secure  speculative  rights,  since  some  of  the  claimants 
asked  for  more  water  than  they  needed  and  others  for  less.  The 
truth  seems  to  be  that  the  intention  of  all  these  irrigators  was  to 
comply  with  the  requirements  of  the  law  in  good  faith,  but  that  the 
volumes  claimed  had  to  them  no  definite  meaning,  and  their  state- 
ment was  entirely  unintelligible.  There  was  probably  not  a  farmer 
along  the  stream  who  knew  whether  he  used  1  cubic  foot  of  water  or  10. 
Hence  these  claims  exhibit  chiefly  the  irrigators'  lack  of  knowledge  and 
the  necessity,  in  an  adjudication,  of  some  impartial  and  adequate 
investigation  of  the  facts  on  which  any  reasonable  or  just  right  should 
rest.  It  was  the  belief  of  the  holders  of  these  water  rights,  however, 
that  the  filing  of  this  ex  parte  statement  constituted  in  itself  an  abso- 
lute title  to  water,  and  that  the  further  action  in  adjudicating  these 
rights  was  only  to  confirm  their  title  to  the  volume  claimed.  The  out- 
come was  in  accordance  with  this  belief.  A  comparison  of  the  state- 
ments of  claims  filed  in  the  county  clerk's  office  with  the  volumes  allotted 
in  the  decree  shows  that  in  nearly  every  instance  they  are  the  same. 
While  a  number  of  those  who  filed  statements  of  claim  do  not  appear 
in  the  decree,  and  a  number  of  appropriators  appear  in  the  decree  who 
did  not  file  claims,  there  are  enough  appearing  in  both  to  show  that 
the  adjudication  was  almost  if  not  entirely  a  proceeding  to  give 
the  makers  of  these  claims  all  they  asked.  The  following  table  shows 
the  agreement  between  the  claims  filed  in  1886  and  the  appropriations 
established  by  the  decree  of  1889: 
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Comparison  of  appfvpriationa  under  decree  of  1889  with  original  claims  filed. 


Priority 
nnmlier. 

Name  of  ditch. 

Name  of  appropriator. 

Volnme  al- 
lotted in  de- 
cree, in  cu- 
bic feet  per 
aecond. 

Volume 
claimed  in 
statement. 

2 
8 

4 
6 

JohnB.  amith 

North  Fork 

Harris  No.  1 

Holt 

John  B.  and  Agnes  Smith  . . 
Wyoming  Land  and  Cattle 

Co. 

W.Harris 

Wyommg  Land  and  Cattle 

Co. 

Moreton  Frewen 

Orrin  Cook  et  al 

67.03 
30 

12.2 
8.20 

22.32 
33.55 
28 

12.32 

32 

26.5 

84.45 
210 

60.10 
78.11 
12 

25 
10 

a80 
55 

12.2 
8.20 

8 

Moreton 

22.82 

9 

CJook 

83.55 

10 

North  Forkof  Crazy 

Woman. 
Dick   

Jr  A..  Dowlin    .               

28 

17 

Powder  River  Cattle  Co 

• 

"R..  Kennedy  et  al            .... 

12.32 

16 

Kennedy 

32 

19 

Bine  Gkfcp 

Little  North  Fork  Ditch  Co_ 
F.  G.  S.  Hesse 

26.5 

\H 

Teddy  MiDer 

Fort  Collin? 

84.45 

20 

Fort  Collins  Land  and  Im- 
provement Co. 

H.  W.  and  C.  M.  Devoe 

do 

210 

21 

Devoe  No.  1 

43 

22 

Devoe  No.  2 

78.11 

25 

26 
27 

Thompson    &   Mat- 
thews. 

Mitchell  &  Long 

Harris  No.  2 

F.  S.  and  G.  F.  Thompson.. 

B.  Long  and  M.  F.  Mitchell . 
W.Harris 

12 

25 
10 

a  80  originally;  87.09  later. 

If  this  creek  carried  enough  water  for  all  users,  giving  each  appro- 
priator all  he  claimed,  the  decree  might  not  have  been  open  to  objec- 
tion. Unfortunately  the  stream  does  not.  It  may  for  a  few  days  or 
few  hours  each  year  carry  900  second-feet,  although  this  is  to  be 
doubted;  but  during  the  latter  half  of  the  irrigation  season  the  mean 
dischai^  is  not  one-tenth  of  this  amount,  and  at  times  the  channel 
below  these  ditches  is  a  bed  of  dry  sand.  Not  one-half  the  acreage 
designated  in  these  appropriations  has  ever  been  irrigated,  nor  is 
there  water  enough  in  the  stream  to  irrigate  one-half  of  it  without 
resorting  to  storage.  With  storage  and  with  proper  economy  in  the 
use  of  water  all  the  land  could  probably  be  brought  under  cultivation, 
but  to  secure  these  there  must  be  some  method  of  restricting  appro- 
priators  to  their  actual  needs  in  the  first  place  and  some  security  for 
the  control  of  stored  water  in  the  second.  Extravagant  appropria- 
tion is  a  prolific  source  of  mischief  in  preventing  both  of  these 
desirable  results.     The  holder  of  a  large  appropriation  claims  the 
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right  to  control  it  whether  he  needs  it  or  not.  Parties  hesitate  to  con- 
struct storage  works  to  impound  water  which  runs  to  waste  when  the 
title  thereto  is  clouded,  as  it  must  be  when  more  water  than  the  stream 
carries  at  flood  time  is  decreed  to  be  appropriated. 

These  excessive  rights  have  been  an  incessant  source  of  trouble  to 
the  water  commissioner.  The  holder  of  priority  No.  2  can  close  all 
the  ditches  above  him  if  his  claim  is  recognized,  and  if  it  is  not  he  has 
a  grievance  against  the  commissioner.  Two  instances  have  already 
occurred  in  which  the  assistance  of  the  State  engineer  had  to  be  asked 
to  settle  controversies  over  the  right  of  these  holders  of  a  surplus  to 
arbitrarily  close  the  head  gates  of  later  appropriators.  There  is  the 
further  danger  that  these  holders  of  extravagant  rights  will  in  time 
proceed  to  sell  the  surplus.  If  they  have  the  right  to  do  this,  as  the 
supreme  court  of  the  State  has  decided  in  a  similar  case,  the  time 
will  come  when  the  owners  of  the  first  three  appropriations  will 
practically  control  the  stream,  and  the  subsequent  rights  will  not  be 
worth  considering.  Meantime-  the  water  commissioner  is  forced  to 
be  judge,  jury,  and  sheriff  in  the  division  of  water  among  users. 
Under  the  limitation  of  the  decree  which  gives  to  appropriators  only 
the  water  needed,  the  commissioner  refuses  to  close  the  head  gates  of 
subsequent  appropriators,  except  in  cases  of  actual  need  on  the 
part  of  the  holders  of  prior  rights.  But  this  policy  is  being  con- 
tinually called  in  question  and  could  be  carried  out  equally  well 
without  a  decree. 

DISTRICT  3. 

This  district,  as  shown  in  fig.  1,  includes  Clear  Creek  and  its  tribu- 
taries, and  extends  from  the  summit  of  Cloud  Peak  on  the  west  to- the 
junction  of  Clear  Creek  and  Powder  River  on  the  east.  It  is  one  of 
the  most  important  districts  in  the  State  and  one  of  the  most  inter- 
esting to  the  student  of  water-right  problems. 

FLOW  OF  CLEAR  CREEK. 

Measurements  of  the  amount  of  water  flowing  in  Clear  Creek  were 
begun  in  1889,  their  necessity  having  arisen  from  controversies  over 
the  water  rights  which  the  shortage  of  that  year  rendered  acute.  The 
location  of  the  gaging  station  is  about  4  miles  above  the  city  of  Buf- 
falo, as  shown  on  flg.  2.  The  principal  diversions  above  the  gaging 
station  are  those  in  the  mountains  where  two  ditches  carry  water 
across  a  low  divide  into  the  head  of  French  Creek.  The  measure- 
ments made  at  this  point,  therefore,  do  not  represent  the  total  flow  of 
the  stream,  except  at  such  times  as  the  principal  ditches  are  closed. 
The  results  of  the  measurements  up  to  and  including  1893  are  not 
available;  those  for  1894  are  shown  diagrammatically  on  page  xxxiii 
of  the  Second  Biennial  Report  of  the  State  Engineer  of  Wyoming  and 
are  given  in  the  following  table.     During  1895  observations  were 
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not  made  because  it  was  impracticable  to  obtain  the  services  of  an 
observer.     The  results  of  the  record  for  1896  are  published  in  Part 


Fio.  2.~>Irrigatlon  systems  on  Clear  Creek  and  tritratariee, 

IV  of  the  Eighteenth  Annual  Report  of  the  United  States  Geological 
Survey,  on  page  140,  and  those  for  1897  in  Part  IV  of  the  Nineteenth 
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Annual  Rejwrt,  of  the  Geological  Survey,  on  page  298.  The  dis- 
charge for  the  three  years  is  also  given  below  and  is  shown  diagram- 
matically  in  fig.  3  (page  31). 

Estimated  monthly  discharge  of  Clear  Creek  at  Buffalo,  Wyoming, 

[Drainage  area,  118  square  mflea.] 


Month. 


1894. 
June 

July 

Angast 

September  ... 


1896. 

May 

June 

July 

August 

September  . . . 
October  8-19 . 


1897. 
May 

June 

July 

August 

September 

October 

November 

December 


Diflcharge. 


Maxlmam. 


Sec-feet. 

853 

242 

80 

80 

406 
604 
823 
134 
56 
88 

682 

657 

246 

82 


Minimum. 


Sec. -feet. 

168 

62 

46 

46 

64 
82 
64 
40 
40 
29 

209 

189 

55 

89 


Mean. 


Sec.  'feet. 

288 

148 

54 

55 

189 

251 

115 

66 

46 

82 

845 

280 
112 
54 
a  80 
a80 
a80 
a26 


Total. 


Acre-feet 

16,841 

9,100 

8,820 

8,278 

8,547 
14,986 
7,071 
4,058 
2,787 
756 

21,214 
16,662 
6,887 
8,320 
1,785 
1,845 
1,785 
1,599 


Bon-ofF. 


Deptb. 


hichet. 

2.68 

1.44 

.58 

.58 

1.36 

2.87 

1.12 

.64 

.44 

.12 

8.87 
2.64 
1.09 
.58 
.28 
.29 
.28 
.25 


Per 

aqnare 
mile. 


Sec'feet. 

2.40 

1.25 

.46 

.47 

1.18 
2.18 
.97 
.66 
.89 
.27 

2.92 
2.87 
.95 
.46 
.25 
.25 
.25 
.22 


a  Approximate. 
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APPBOPRIATIONB  FROH  CLEAR  CREEK. 


Fio.  3.-Uiscbarge  ol  Clear  Creek  near  Baflulo,  Wroming,  ISBt,  1806.  mod  1897. 
EAKLT  MQHT8  AND  THEIR  ABJUDICATION. 

In  Maj,  1878,  Manlius  Redmond  began  a  ditch  to  water  land  along 
the  main  streAin.  It  waa,  so  far  as  the  records  show,  the  first  attempt 
at  irrigation  in  northern  Wyoming,  and  the  only  attempt  made  that 
year.  Pitches  were  hnilt  in  1879  along  nearly  every  water  coarse  of 
the  Bighorn  Range,  but  in  the  previous  year  Mr.  Redmond  was 
alone.  For  more  tiian  ten  years  the  building  of  ditches  and  the  exten- 
sion of  the  irrigated  area  made  rapid  prepress,  but  1889  was  a  season 
of  drought,  and  the  shortage  on  Clear  Creek  was  so  marked  as  to  warn 
the  users  of  water  that  the  limit  of  profitable  reclamation  without  the 
aid  of  reservoirs  had  about  been  reached.  It  also  showed  the  need 
of  an  early  determination  of  priorities.  In  the  absence  of  this,  posi- 
tion was  everything;  the  ditch  farthest  upstream  took  its  full  supply 
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regardless  of  the  rights  or  necessities  of  users  below,  while  those 
farthest  down  got  nothing. 

Among  the  worst  sufferers  from  this  condition  of  affairs  was  the 
city  of  Buffalo.  Two  large  canals,  shown  in  fig.  2,  had  been  built  to 
carry  the  water  of  the  North  Fork  of  Clear  Creek  across  a  divide 
into  French  Creek.  Their  combined  capacity  was  sufficient  to  drain 
the  stream,  and  as  no  seepage  returned,  the  loss  to  users  below  was 
absolute.  An  adjudication  of  priorities  was  begun  before  the  close 
of  the  year,  but  before  the  preliminary  steps  had  been  completed  the 
Territory  of  Wyoming  held  a  constitutional  convention  and  adopted 
a  provision  placing  the  control  of  the  public  waters  of  the  State  in  the 
hands  of  the  board  of  control.  The  judge  of  the  district  court  ruled 
that  this  action  divested  his  court  of  jurisdiction,  and  further  prog- 
ress was  stayed  until  after  the  admission  of  Wyoming  to  statehood 
and  the  passage  of  the  State  irrigation  law. 

Under  the  State  law  rights  to  water  are  determined  by  the  board  of 
control,  and  an  adjudication  was  begun  by  measuring  the  ditches 
which  take  water  from  a  stream  and  by  making  surveys  of  the  land 
irrigated  or  which  can  be  irrigated.  The  measurements  and  surveys 
of  Clear  Creek  and  its  tributaries  were  begun  in  1891 ;  when  com- 
pleted they  were  placed  in  the  hands  of  W.  J.  Clarke,  the  division 
superintendent,  whose  duty  it  was  to  take  the  testimony  of  appropri- 
ators.  Mr.  Clarke  at  once  began  the  taking  of  testimony,  but  had  not 
completed  this  when  the  board  of  control  met,  in  February,  1892. 
On  his  return  from  this  meeting  the  division  superintendent,  who  was 
a  stockman,  became  involved  in  the  ^  invasion"  of  Johnson  County, 
as  it  was  called,  and  all  the  proofs  submitted  were  lost.  It  was 
necessary,  therefore,  to  begin  proceedings  anew  and  to  take  all  the 
testimony  over  again.  Before  this  work  was  completed  the  testi- 
mony formerly  taken  was  recovered,  and  both  sets  of  proofs  were 
before  the  board  of  control  at  its  final  determination  of  these  rights. 
The  two  sets  of  proofs  disclosed  many  discrepancies  and  contradic- 
tions, and  were  the  cause  of  several  contests,  which  delayed  the  final 
determination  of  these  rights  until  1895. 

DIVERSION  ACROSS  DIVIDES. 

The  map  of  Clear  Creek  and  its  tributaries  (fig.  2),  shows  the  loca- 
tion and  priority  numbers  of  the  several  ditches;  it  also  shows  that 
one  of  these  tributaries,  Piney  Creek,  drains  a  larger  mountain  area 
than  the  main  stream  and  also  has  a  greater  discharge.  In  addi- 
tion there  are  the  smaller  tributaries  of  French,  Johnson,  Sayles, 
Rock,  Shell,  J.  A.,  Boxelder,  Bear  Gulch,  and  Little  Piney  creeks. 
Clear  Creek  and  Piney  Creek  each  reach  to  the  summit  of  the  range 
and  drain  the  entire  eastern  slope  of  Cloud  Peak,  its  highest  eleva- 
tion. The  other  streams  are  cut  off  from  the  perpetual  snows  and 
only  drain  the  outlying  foothills;  hence,  while  they  have  au  abun- 
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dant  sapply  for  early  irrigation,  the  late  supply  is  wholly  inadequate 
and,  unless  reenforced,  will  only  serve  for  the  reclamation  of  a  re- 
stricted area.  These  smaller  tributaries  are,  however,  bordered  by 
lands  equal  in  area  and  of  equal  value  with  those  along  the  valleys  of 
the  larger  ones;  hence  some  method  of  reenforcing  their  water  supply 
became  an  early  and  important  problem.  The  topography  of  this 
region  offers  unusual  opportunities  for  doing  this. 

The  head  waters  of  French  Creek  are  almost  directly  below  Clear 
Creek,  as  its  torrential  flood  comes  from  the  rocky,  snow-clad  slopes 
of  Cloud  Peak.  About  all  that  is  needed  to  turn  Clear  Creek  out 
of  its  channel  is  a  dam  high  enough  to  cause  the  water  to  overflow 
its  bank,  as  the  slope  is  toward  French  Creek  from  near  its  northern 
margin.  One  canal  built  to  turn  water  into  French  Creek  is  only 
half  a  mile  long,  while  the  other,  in  a  less  desirable  location,  is  only 
a  mile  in  length.  The  map  of  Clear  Creek  and  its  tributaries  (fig.  2) 
shows  the  location  of  these  two  canals,  together  with  the  priority 
numbers  71,  79,  and  93  of  their  appropriations. 

The  turning  of  the  water  from  Clear  Creek  into  French  Creek  and 
the  use  of  the  channel  of  French  Creek  as  a  part  of  two  canal  systems 
created  some  x)erplexing  problems  for  the  board  to  solve  in  the  deter- 
mination of  the  two  classes  of  rights  from  the  latter  stream.  Both 
before  and  after  the  construction  of  the  canals  to  provide  this  supple- 
mental supply,  parties  had  built  ditches  and  appropriated  the  original 
or  natural  flow  of  French  Creek.  Some  of  these  appropriators  are 
interested  in  the  canals  in  order  to  obtain  an  augmented  supply,  so 
that  in  a  few  cases  the  same  individuals  claimed  rights  to  water 
from  two  sources  through  the  same  ditch  to  be  used  to  irrigate  substan- 
tially the  same  land.  Other  parties  who  made  no  claim  to  the  natural 
flow  of  French  Creek,  but  who  were  part  owners  in  the  canals  to  furnish 
the  augmented  supply,  had  built  ditches  from  French  Creek  for  the 
purpose  of  taking  out  the  water  turned  into  it. 

There  are,  therefore,  three  classes  of  appropriators  along  French 
Creek.  First,  those  who  claim  the  natural  flow  of  the  stream ;  second, 
those  who  claim  a  right  to  the  water  of  both  Clear  Creek  and  French 
Creek;  and  third,  those  who  claim  the  right  to  use  the  channel  of 
French  Creek  as  a  part  of  their  ditch  system,  but  draw  their  water 
supply  entirely  from  Clear  Creek.  Among  these  different  appropria- 
tors a  difference  of  opinion  exists  as  to  the  volume  of  water  supplied 
by  the  natural  flow  of  French  Creek.  At  the  time  of  the  adjudication 
it  was  urged  by  the  owners  of  the  rights  from  Clear  Creek  that  the 
claims  of  appropriators  from  French  Creek  were  for  more  water  than 
the  creek  carried,  that  the  acreage  originally  irrigated  had  been 
extended  by  the  unauthorized  use  of  a  part  of  the  supply  turned  in, 
and  that  the  board  should  restrict  these  claims.  This  was  not  done, 
because  it  was  found  impracticable  to  measure  the  flow  of  French 
Creek.  To  have  done  this  would  have  involved  shutting  down  the 
IBB  23 3 
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ditches  from  Clear  Creek  and  the  ditches  of  appropnators  above  some 
of  the  tributaries  of  French  Creek.  A  single  measurement  would  not 
be  sufficient.  In  fact,  it  would  take  a  large  number  of  measurements 
to  reach  any  definite  conclusion. 

The  demands  of  the  area  now  under  irrigation  along  the  stream 
are  so  largely  in  excess  of  the  natural  flow  of  French  Creek  that  to 
turn  off  the  water  from  Clear  Creek  for  a  sufficient  length  of  time  to 
permit  the  measurement  of  the  natural  flow  of  French  Creek  would 
have  caused  the  destruction  of  two-thirds  of  the  crops  along  the 
stream.  Those  appropriators  who  have  an  interest  in  Clear  Creek 
alone  or  in  both  supplies  naturally  objected  to  such  action.  The 
board  was  therefore  compelled  to  rely  on  the  engineer's  surveys  and 
on  the  proof  submitted.  Rights  were  restricted  to  the  actual  areas 
irrigated,  but  the  source  of  the  appropriation  recognized  was  based 
on  statements  of  irrigators.  Those  who  claimed  that  their  lands 
were  irrigated  from  French  Creek  alone  were  given  appropriations 
for  their  lands  from  that  source,  and  those  who  claimed  to  have  used 
only  the  water  of  Clear  Creek  were  given  a  right  from  that  stream. 
Whether  or  not  this  was  in  accordance  with  the  facts  will  probably 
never  be  definitely  known.  It  is  one  of  the  instances  where  haphaz- 
ard development  has  reached  a  stage  that  renders  any  accurate  set- 
tlement out  of  the  question. 

The  same  difficulty  now  confronts  the  water  commissioner  in  per- 
forming his  duties.  The  two  ditches  which  divert  Clear  Creek  into 
French  Creek  are  so  inaccessible  as  to  make  their  frequent  regulation 
impossible.  Both  are  mountain  ditches  with  head  gates  over  9,000 
feet  above  sea  level.  Their  channels  are  cut  among  the  pines  that 
cover  this  region  and  through  the  rocks  from  which  they  spring.  To 
reach  them  requires  a  steep  and  toilsome  journey  of  15  miles  from  the 
mountain's  base.  They  are  at  an  elevation  where  frost  is  perpetual 
and  snow  almost  so.  The  regulation  of  such  ditches  is,  therefore, 
difficult  and  expensive,  and  any  continuous  measurement  of  the 
volume  they  carry  is,  for  the  present,  out  of  the  question,  but  the 
increasing  value  of  these  rights  will  in  time  render  the  accurate  divi- 
sion of  water  indispensable.  The  water  from  Clear  Creek  mingles 
with  the  natural  flow  of  French  Creek  until  it  reaches  the  first  ditches 
built  to  divert  it.  There  a  part  is  taken  out  and  carried  over  the 
divide  between  French  Creek  and  Johnson  Creek,  and  serves  to  reen- 
force  the  latter;  the  ditch  is  also  extended  across  a  second  divide, 
where  the  remainder  is  turned  into  Sayles  Creek  to  reenforce  the 
flow  of  this  stream  and  of  Rock  Creek  below  their  junction. 

The  fluctuations  in  the  flows  of  French  Creek  and  Clear  Creek  do 
not  agree,  because  the  latter  is  fed  from  the  summit  of  the  range, 
while  the  former  drains  a  larger  area  of  the  foothills  regpion;  it  rises 
earlier  in  ^the  season  and  also  begins  to  subside  earlier,  but  as  the 
water  turned  in  joins  it  near  its  source  no  measurements  to  deter- 
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mine  these  variations  can  be  had  withont  an  outlay  greater  than  can 
now  be  afforded.  The  practical  result  is  that  during  the  early  part 
of  the  season  all  users  take  from  the  natural  flow  of  French  Creek, 
while  during  the  latter  part  nearly  all  are  supplied  from  Clear 
Creek.  The  same  conditions  exist  on  Johnson  and  Sayles  creeks, 
while  on  Rock  Creek  there  is  a  third  element  of  uncertainty.  This, 
however,  has  arisen  since  the  adjudication  of  rights,  and  will  be 
described  later. 

PRAIRIE  DOG  GREEK. 

Referring  again  to  the  drainage  map  of  this  district  (fig.  2),  it  will 
be  noticed  that  Piney  Creek,  which  rises  in  the  lakes  on  the  northern 
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Fio.  4.— Ditches  diverting  water  from  Piney  Greek  across  Massacre  Hill  divide  to  Prairie 

Dog  Greek. 

slox>e  of  Cloud  Peak  (PL  II),  not  only  drains  a  large  extent  of  the 
summit  of  the  range,  but  effectually  cuts  off  a  number  of  the  smaller 
tributaries  of  Clear  Creek  therefrom.  Piney  Creek,  like  Clear  Creek, 
receives  nearly  all  its  water  from  one  direction.  After  the  stream 
turns  to  the  north  the  drainage  on  the  east  is  into  the  smaller  streams 
which  rise  in  the  foothills  below.  The  most  interesting  peculiarity 
of  the  topography  of  this  stream  is,  however,  the  fact  that  it  does 
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not  leave  the  mountain  in  a  valley,  but  on  a  ridge,  the  mouth  of  the 
canyon  of  Piney  Creek  being  near  the  summit  of  the  divide  which 
separates  the  drainage  of  Tongue  and  Powder  rivers.  This  divide  is 
an  elevated  spur  of  the  jnain  range  known  as  Massacre  Hill.  It  leaves 
the  mountain  almost  at  a  right  angle  and  extends  for  a  considerable 
distance  eastward.  At  one  point  Piney  Creek  is  within  50  feet  of  its 
summit.  After  that  it  tumbles  down  into  the  valley  which  borders 
its  eastern  slope. 

Mead,  Pompey,  Jenks,  and  Murphy  creeks,  which  form  Prairie  Dog 
Creek,  a  tributary  of  Powder  River,  rise  on  the  northern  slope  of 
Massacre  Hill  almost  directly  opposite  the  point  where  Piney  Creek 
so  nearly  approaches  its  summit,  as  shown  in  fig.  2.  Originally  this 
stream  was  of  little  importance.  It  lacked  the  snowfall  necessary  to 
a  perennial  water  supply,  and  although  a  few  springs  are  found  along 
its  channel,  the  volume  available  for  irrigation  was  insignificant.  It 
was  an  easy  project,  however,  to  carry  water  from  Piney  Creek  over 
the  divide,  as  shown  in  fig.  4  and  in  PL  IV,  and  turn  it  into  this 
stream.  Three  ditches  have  been  built  for  this  purpose.  These 
ditches  follow  the  prevailing  practice  of  this  region  in  making  natural 
channels  a  part  of  the  ditch  system.  The  owners  of  one  ditch  live 
along  Prairie  Dog  Creek  for  15  miles.  The  water  turned  in  at  the 
head  is  taken  out  by  small  ditches  which  divert  the  creek  near  their 
farms.  There  are  84  appropriations  through  the  ditch  of  the  Prairie 
Dog  Water  Supply  Company  which  are  diverted  from  the  second 
stream  through  a  score  of  smaller  ditches. 

Before  the  supplemental  water  supply  had  been  provided  a  number 
of  settlers  filed  on  land  along  Prairie  Dog  Creek  and  built  ditches 
therefrom.  Some  of  these  settlers  became  part  owners  of  the  ditch  to 
provide  an  additional  water  supply;  others  did  not,  so  that  the  board 
again  had  to  deal  with  three  kinds  of  rights  from  the  same  channel — 
rights  to  the  natural  flow,  rights  to  the  water  turned  in,  and  rights  to 
both  combined. 

There  was  a  further  complication  in  this  case.  Prairie  Dog  Creek 
is  a  part  of  the  drainage  system  of  Tongue  River,  and  if  drainage 
lines  had  to  be  regarded,  it  belonged  to  that  district;  but  since  prac- 
tically the  entire  water  supply  came  from  Piney  Creek,  the  board 
ruled  that  water  supply  rather  than  the  slope  of  the  country  should 
govern  its  supervision,  and  this  portion  of  the  drainage  of  Tongue 
River  was  made  a  part  of  the  Clear  Creek  district. 

SUMMABY  OF  RIGHTS  TO  WATER. 

The  diagrammatic  map  of  the  irrigation  system  from  Clear  Creek 
(fig.  2)  gives  the  location  of  the  ditches,  with  the  priority  numbers 
of  their  appropriations.  A  full  list  of  these  is  given  in  the  Third 
Biennial  Report  of  the  State  Engineer  of  Wyoming,  1895-96,  pages 
181  to  194. 
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The  amount  of  each  of  the  appropriations  was  fixed  by  the  acreage 
shown  by  the  proof  to  have  been  irrigated,  1  cubic  foot  per  second 
being  allowed  for  each  70  acres.  On  Crazy  Woman  Creek  it  will  be 
remembered  the  appropriations  were  based  on  the  claims  filed  by 
appropriators,  without  regard  to  the  actual  use  of  the  water.  On 
French  Creek  appropriations  were  based  on  the  areas  reclaimed,  with- 
out regard  to  the  volume  of  water  described  in  the  original  statement 
of  claim.  The  relation  of  these  claims  to  the  actual  use  of  water  in 
irrigation  is  shown  by  the  comparison  of  the  volume  claimed  and  the 
volume  appropriated  on  French  Creek,  as  given  in  the  table  below. 

Volumes  appropriated  on  French  Creek  as  fixed  by  the  order  of  the  board  of 
control  and  volumes  claimed  in  appropriators*  statements. 


Priority 
number. 


1 
2 
2 
8 
4 
4 
4 
5,7 
6 


Name  of  ditch. 


Sneider  No.  1 

MoellerNo.1 

MoellerNo.  2 

MoellerNo.  3 

John  A.  Fisher  No.  1. 
John  A.  Fisher  No.  2. 
Mayhew  &  GK>rgen. . 

Dundee 

Gh>rgen 

Total 


Name  of  appropriator. 


Mary  L.  Carpenter  et  al 

Alice  S.  Bapelyen 

do 

do . 

John  A.  Fisher 

do 

Robert  Foote 

do 

Peter  Gorgen 


Volume  ap- 
propriated 
In  decree, 
in  cubic 
feet  per 
second. 


1.64 

1.07 
.50 

4.28 
.50 
.48 
.17 

1.57 
.28 


10.44 


Volume 
claimed  in 

original 

statement, 

in  cubic 

feet  per 

second. 


8 

6 

8 
18.  ©7 

8.35 
23.15 
12.40 

8.2 
13.  ©7 


88.04 


It  will  be  seen  from  the  totals  that  the  appropriations  established 
by  reason  of  beneficial  use  amounted  to  only  about  one-tenth  of  those 
claimed.  The  ratio  on  all  of  the  streams  of  this  district  could  not 
be  determined,  because  many  of  the  claims  were  for  the  "unappro- 
priated waters  of  the  stream,"  designating  no  specific  volume;  but  if 
these  claims  to  whole  streams  were  excluded,  the  claims  for  a  definite 
volume  alone  were  largely  in  excess  of  the  actual  use,  as  will  be  seen 
by  the  following  comparison,  in  which  all  of  the  claims  for  indefinite 
amounts  have  been  thrown  out. 
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Volumes  claimed  and  volumes  acttuUly  used  on  streams  in  water  district  No.  3,  in 

cubio  feet  per  second. 


Name  of  stream. 


Total  Clear  Creek .. . 
Total  Rock  Creek  . . . 
Total  Sayles  Creek . . 
Total  Johnson  Creek 
Total  Piney  Creek.. - 
Total  Shell  Creek  . . . 

Grand  total . . . 


Voliime 
uaed. 

Volume 

232.78 

858.6 

187.64 

749.9 

8.18 

75.1 

8.13 

44.7 

334.88 

943.8 

6.52 

68.6 

772. 13 


2,785.7 


ALLOWANCE  FOR  LOSS  OP  WATER  IN  TRANSMISSION. 

Among  the  interesting  questions  raised  in  this  adjudication  was 
the  extent  of  the  loss  of  water  from  canals  by  seepage  and  evapora- 
tion and  the  authority  of  the  board  to  provide  for  this  by  an  increase 
in  the  appropriation. 

In  the  original  order  of  the  board  no  such  allowance  was  made,  it 
being  held  that  1  cubic  foot  per  second  for  each  70  acres  is  so  much 
in  excess  of  the  requirements  of  crops,  when  the  water  is  distrib- 
uted with  reasonable  skill  and  economy,  that  it  will  provide  for  all 
necessary  loss  in  transportation. 

The  Wyoming  Land  and  Cattle  Company  was,  however,  dissatisfied 
with  this  decision,  and  on  this  and  other  grounds  asked  for  and 
obtained  a  rehearing,  at  which  measurements  were  presented  showing 
the  losses  taking  place  between  the  head  gate  and  the  place  of  use. 

The  conditions  on  this  ditch  are  somewhat  unusual  and  need  to  be 
stated  in  order  that  the  results  may  be  properly  interpreted.  The 
head  gate  of  the  ditch  is  on  what  was  formerly  the  Fort  McKinney 
military  reservation,  near  the  mouth  of  the  canyon  and  3  miles  above 
the  town  of  Buffalo.  At  the  time  of  these  measurements,  irrigation 
from  the  ditch  or  above  the  ditch  was  not  permitted  within  the  res- 
ervation limits.  After  crossing  its  boundary  the  ditch  passes  for 
several  miles  around  and  across  a  series  of  ridges  on  the  slopes  of 
which  losses  by  seepage  are  considerable.  In  the  ravines  between 
these  ridges  and,  in  one  place,  along  a  slope  which  the  ditch  crosses 
there  are  beds  of  sand  where  the  loss  from  percolation  is  so  great  that 
flumes  have  been  built  at  these  points.  For  10  miles  the  following 
conditions  favor  an  exceptional  loss: 

The  land  through  which  the  ditch  is  built  is  not  irrigated  and 
local  atmospheric  conditions  favor  rapid  evaporation. 

It  is  the  highest  dit-ch  and  therefore  gains  nothing  from  the  irrigation 
of  lands  above. 
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The  arid  land,  the  steep  slopes,  and  the  stretches  of  sand  aU  add  to 
the  drain  by  percolation. 

The  measurements  submitted  were  made  in  1896  and  1897  by 
Fred  Bond,  a  civil  engineer  of  Buffalo,  Wyoming,  and  were  made  in 
the  following  manner:  A  rectangular  weir  4.75  feet  in  length  was 
placed  in  the  ditch  immediately  below  ^the  head  gate,  and  a  similar 
weir,  with  a  length  of  5.75  feet,  was  placed  in  the  ditch  near  the  lands 
to  be  irrigated,  10  miles  from  the  first  weir  and  56  feet  below  it,  that 
being  the  fall  of  the  ditch  in  this  distance.  It  was  found  by  experi- 
ments that  it  took  from  eleven  to  thirteen  hours  for  water  to  pass  from 
one  weir  to  the  other.  Hence  in  making  these  tests  the  measurements 
at  the  upper  weir  were  taken  in  the  morning  and  those  at  the  lower 
weir  in  the  evening,  in  order  to  measure  as  nearly  as  possible  the  same 
sujpply.  The  tables  which  follow  give  the  results  obtained,  that  for 
August  27  being  evidently  due  to  an  error  in  measurement  or  to  dis- 
turbance by  storms. 


Ij089  of  toater  in  transmission  through  ditch  of  Wyoming  Land  and  Cattle 

Company, 


Date. 


1896. 

July  10 

July  11 

July  13 

August  25 . . 
August  27 .  - 
August  28 . . 
August  29  . . 
August  30 . . 
August  81 .. 
September  1 

1897. 

August  8 . . . 
August  9 . . . 
August  10 . . 
August  11.. 
August  12 . . 
August  24.. 


Depth  of 
water  on 

upper 
weir,  in 

feet. 


0.83 
.82 
.76 
.65 
.62 
.60 
.59 
.59 
.59 
.58 


0.562 
.567 
.60 
.68 
.63 
.467 


Dte- 

oharge, 
incabio 
feet  per 
second. 

Depth  of 
water  on 

lower 
weir.  In 

feet. 

11.448 

0.56 

11.328 

.55 

10. 123 

.55 

8.058 

.50 

7.515 

(?)  .58 

7.152 

.46 

6.986 

.45 

6.986 

.44 

6.986 

.45 

6.799 

.44 

Dischar^, 
in  cubic 
feet  per 
second. 


6.37 

0.34 

6.69 

.34 

7.31 

.36 

8.59 

.43 

7.70 

.38 

5.99 

.  n/4 

7.865 
7.642 
7.642 
6.876 
(?)9.270 
5.877 
5.671 
5.547 
5.671 
5.547 


3.74 
3.74 
4.06 
5.27 
4.42 
2.24 


Total 
leaka^ 
in  flumes, 
in  cubic 
feet  per 
second. 


(a) 

(a) 
(a) 

(a) 

(a) 
(a) 

(a) 
(a) 
(a) 
(a) 

0.068 
.09 
.125 
.08 
.047 
(a) 


Total 
loss,  in 

cubic 
feet  per 
second. 


8.583 
3.686 
2.481 
1.182 


1.275 
1.315 
1.489 
1.315 
1.252 


2.56 
2.86 
3.12 
8.24 
3.23 
3.75 


Loss,  in 
percent. 


31.3 
32.6 
24.  .5 
14.7 


17.9 
18.9 
20.6 
18.9 
18.5 


40.2 
42.8 
42.8 
87.7 
42.0 
62.6 


a  Not  measured. 
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It  will  be  seen  by  examining  these  tables  that  the  percentage  of 
loss  when  a  small  volume  of  water  was  can-ied  was  much  greater  than 
when  the  depth  was  increased,  seepage  and  evaporation  being  appar- 
ently about  constant.  If  the  board  took  the  maximum  loss  of  over  60 
per  cent  as  a  basis  for  an  order  increasing  the  original  right  so  as  to 
give  1  second-foot  for  each  7Q  acres  irrigated  at  the  place  of  use,  it 
would  result  in  nearly  double  the  original  appropriation,  while  if  the 
minimum  loss  of  less  than  15  per  cent  were  made  the  basis  of  a  new 
right,  this  action  would  require  so  slight  a  change  as  not  to  warrant 
a  modification  of  the  order. 

The  board  refused  to  grant  the  additional  allowance.  The  rehear- 
ing established  a  right  to  water  for  an  additional  acreage  and  increased 
the  volume  to  be  turned  into  the  ditch.  As  the  loss  from  seepage  and 
evaporation  seems  about  constant,  and  does  not  materially  increase 
when  the  ditch  is  full,  the  larger  the  amount  turned  in  the  smaller 
the  percentage  of  loss.  Hence,  with  the  larger  right  a  minimum  loss 
of  less  than  15  per  cent  may  be  expected. 

Fort  McKinney  has  since  been  abandoned  and  the  reservation  will 
soon  be  largely  irrigated.  It  is  believed  that  the  percentage  shown 
by  the  measurements  will  decrease  in  the  future  by  the  building  of 
ditches  above  this  one  and  the  irrigation  and  saturation  of  the  land 
below  it. 

The  allowance  of  1  second-foot  to  70  acres  being  in  excess  of  actual 
needs  was  regarded  as  suf&cient  to  meet  the  average  loss  from  the 
ditch  at  the  present  time  and  ample  to  meet  the  ultimate  decrease. 

The  wide  variation  between  percentages  in  the  months  when  the 
use  is  heavy  and  in  the  later  ones  when  the  use  is  small,  would  make 
the  establishment  of  a  satisfactory  or  just  appropriation  to  meet  this 
loss  difficult,  if  not  impossible,  while  the  probability  of  a  progressive 
decrease  in  such  loss  would  make  it  unwise  to  interfere.  Even  if  the 
proportion  allowed  agreed  with  the  conditions  when  made  there  is 
small  likelihood  of  such  agreement  five  years  hence. 

The  board  held,  therefore,  that  the  making  of  appropriations  in 
excess  of  the  statutory  limit  would  not  be  approved;  but  that  where 
satisfactory  proof  of  unpreventable  losses  in  transit  made  it  apparent 
that  the  volume  remaining,  when  the  land  was  reached,  would  not 
produce  crops,  a  temporary  increase  would  be  provided  for  by  an 
administrative  order  to  the  water  commissioner. 

OWNERSHIP    IN    DITCH    NOT   NECESSARY  TO  THE  ACQUIREMENT  OF  A 

WATER  RIGHT. 

One  of  the  parties  submitting  proof  of  the  beneficial  use  of  water 
from  Piney  Creek  was  John  Leitner,  who  showed  to  the  satisfaction 
of  the  board  that  he  had  irrigated  and  reclaimed  15  acres  of  land 
through  the  Upper  Phil  Kearney  ditch.     The  board  by  order  estab- 
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lished  the  right  to  water  for  this  land  through  said  ditch.  In  his 
proof,  Leitner  stated  that  he  was  a  part  owner  of  the  ditch  through 
which  the  appropriation  was  made,  and  this  claim  was  not  contested 
in  the  proceedings  before  the  board.  Subsequent  litigation  arose 
over  the  ownership  of  the  ditch,  and  the  court  decided  that  Leitner 
had  no  interest  in  it,  but  that  Thomas  J.  Foster  was  the  sole  owner. 
Following  this  decision  Foster  requested  the  board  of  control  to 
amend  its  records  by  making  him  the  owner  of  the  water  right  for  15 
acres  of  land  acquired  by  Leitner  through  the  use  of  the  water  in  its 
irrigation.  Foster's  request  was  based  on  the  contention  that  his 
ownership  of  the  ditch  made  him  the  owner  of  all  the  water  it 
diverted  or  of  all  the  rights  to  water  acquired  through  it. 

As  it  is  the  belief  of  the  board  that  rights  to  water  for  irrigation, 
in  the  State  of  Wyoming,  do  not  inhere  either  in  the  man  who  filed 
the  claim  or  in  the  ditch  which  carried  the  water,  but  in  the  land 
reclaimed,  the  request  for  a  transfer  of  the  right  from  both  the  place 
where  acquired  and  from  the  man  who  acquired  it  did  not  seem  well 
founded;  but  recognizing  the  importance  of  the  question  involved, 
the  board,  before  rendering  a  decision,  asked  the  advice  of  the 
Attorney-General.     The  letter  of  inquiry  and  the  reply  were  as 

follows: 

Cheyenne,  Wyo.,  March  BO^  1896, 

Dbab  Sib:  The  State  board  of  control  is  in  receipt  of  a  petition  for  review  of 
the  order  determining  the  priorities  of  water  from  Piney  Creek  and  tribntaries, 
and  requesting  that  the  board  of  control  cancel  a  certain  certificate  of  appropria- 
tion of  water  to  John  Leitner,  g^nardian,  and  find  that  Thomas  J.  Foster  is  the 
sole  owner  of  the  Ui^per  Phil  Kearney  ditch. 

The  board  of  control  has  given  careful  consideration  to  this  petition,  and 'to  the 
order  of  the  court  determining  the  ownership  of  the  Upper  Phil  Kearney  ditch, 
and  has  examined  the  evidence  submitted  before  said  board  in  the  adjudication 
referred  to.  We  find  that  the  testimony  submitted  showed  that  Leitner  had  irri- 
gated the  land  for  which  an  appropriation  was  issued  through  the  Upper  Phil 
Kearney  ditch  and  was  entitled  to  an  appropriation  therefor,  and  after  a  reexami- 
nation of  the  evidence  the  board  is  of  the  opinion  that  the  decree  establishing  this 
appropriation  was  correct. 

In  awarding  an  appropriation  for  the  particular  land  for  which  an  appropriation 
was  claimed  by  said  Leitner,  the  board  did  not  attempt  to  determine  that  he  had 
any  ownership  whatever  in  the  ditch  of  Mr.  Foster.  It  simply  decided  that  the 
evidence  submitted  showed  that  the  water  had  been  transported  through  this 
ditch.  The  board  has  always  held  that  its  authority  is  restricted  to  the  examina- 
tion and  determination  of  the  facts  showing  the  application  of  the  water  of  the 
State  to  beneficial  use  and  the  rights  thereby  created,  and  that  it  could  not  deter- 
mine the  property  rights  in  ditches  through  which  the  water  was  conducted. 
That  question  has  been  before  the  board  repeatedly  and  the  decisions  have  been 
uniform.  In  the  same  way  the  board  is  now  of  the  opinion  that  it  is  not  within 
its  jurisdiction  to  say  that  Mr.  Leitner  is  or  is  not  a  part  owner  in  the  Foster 
ditch.  The  decree  of  the  court  is  regarded  as  determining  that  fact,  but  its  valid- 
ity or  effect  will  not  be  in  any  way  enhanced,  in  our  opinion,  by  an  assumption 
on  the  part  of  the  board  that  it  has  authority  to  in  any  way  determine  such  facts. 

We  have,  by  order,  instructed  the  division  superintendent  to  notify  the  water 
commissioner  of  the  effect  of  the  order  of  the  court,  and  that  the  amount  of  the 


42  WATER-RIGHT   PROBLEMS   OP   BIGHORN   M0UKTAIN8.       [»o.23. 

appropriation  through  the  Upper  Phil  Kearney  ditch  has  been  reduced  by  such 
order  by  the  amount  necessary  for  the  irrigation  of  15  acres,  but  we  do  not 
feel  authorized  to  cancel  the  certificate  of  Mr.  Leitner.  We  believe  if  he  can 
secure  satisfactory  arrangements  for  the  transportation  of  the  water  appropriated 
through  the  Upper  Phil  Kearney  ditch  by  giving  suitable  compensation  to  Mr. 
Foster  for  the  service  rendered,  or  if  he  can  make  arrangements  for  the  transpor- 
tation of  the  water  appropriated  for  this  land  through  some  other  ditch,  he  has  a 
perfect  right  under  our  laws  to  do  so,  and  that  the  appropriation  for  the  land  is 
not  destroyed  by  the  fact  that  he  is  not  part  owner  in  a  particular  ditch. 

Recognizing  the  importance  of  the  questions  raised,  and  desiring  to  avail  our- 
selves of  your  assistance  in  their  proper  solution,  we  shall  be  pleased  if  yon  can 
advise  us  as  to  whether  or  not,  in  your  judgment,  the  board  has  any  authority 
whatever  to  determine  or  pass  upon  property  rights  in  ditches,  and  whether  or 
not  the  decree  of  the  court  in  this  case  makes  it  mandatory  upon  us  to  cancel  the 
certificate  of  appropriation  of  said  Leitner. 

Respectfully  submitted. 

Elwood  Mead, 

President  State  Board  of  Control. 

Hon.  B.  F.  FowLEB, 

Attomey-Qeneral,  Cheyenne,  Wyo. 


March  23, 1896. 

Dear  Sir:  Replying  to  your  communication  of  March  20,  with  reference  to 
the  application  of  Thomas  J.  Foster  for  a  review  of  your  decision  granting  a  cer- 
tificate of  appropriation  to  John  Leitner,  guardian,  in  which  application  for 
review  Mr.  Foster  claims  to  be  the  sole  owner  of  the  Upper  Phil  Kearney  ditch, 
and  presents  a  decree  of  the  district  court  of  Johnson  County,  in  an  injunction 
suit  brought  by  Mr.  Foster  against  Mr.  Leitner,  the  decree  establishing  the  own- 
ership of  Mr.  Foster : 

I  desire  to  state  that  while  the  State  board  of  control  was  correct  in  respecting 
the  decree  to  the  extent  of  instructing  your  water  commissioner  that  the  amount 
of  the  appropriation  for  the  Upper  Phil  Kearney  ditch  should  be  reduced  by  the 
amount  of  water  granted  therein  to  Mr.  Leitner  for  the  irrigation  of  fifteen  acres, 
still  at  the  same  time  you  would  not  be  justified  in  canceling  the  certificate 
issued  to  Mr.  Leitner. 

While  there  are  allegations  in  the  petition  for  review  to  the  effect  that  Mr.  Leit- 
ner made  fraudulent  representations  to  your  board  with  regard  to  his  having  an 
interest  in  the  ditch  in  question,  still,  in  the  absence  of  an  affirmative  showing  of 
such  fraud,  there  Would  certainly  be  no  authority  on  the  part  of  your  board  to  take 
this  for  granted  and  cancel  the  certificate  in  question.  The  decree  of  the  district 
court  of  Johnson  County  does  not  indicate  this,  nor  do  I  understand  that  affida- 
vits or  other  proof  have  been  filed  at  this  time  for  this  purpose.  The  petition 
which  is  filed  is  not  in  the  nature  of  a  petition  for  rehearing,  and  I  am  of  the 
opinion  that  this  question  can  not  be  properly  reached  by  your  board  in  any  other 
manner,  and  unless  with  the  application  for  a  rehearing  proof  should  be  presented 
to  your  office  showing  that  at  the  time  Mr.  Leitner  used  the  Phil  Kearney  ditch 
he  did  so  as  a  trespasser  and  without  the  consent  of  Mr.  Foster,  then  your  certifi- 
cate should  stand. 

As  to  whether  or  not  Mr.  Leitner  is  able  to  use  the  water  in  the  future  ia  cer- 
tainly not  a  question  to  be  considered,  as  under  the  statute  he  is  given  two  years 
before  he  can  be  charged  with  abandonment,  and  if  during  that  time  he  should 
build  a  new  ditch  or  arrange  with  Mr.  Foster  or  some  other  person  to  conduct  the 
water  from  the  stream  in  question  upon  his  land,  he  would  be  entitled  to  appro- 
priate enough  to  irrigate  fifteen  acres. 
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As  to  the  claim  that  there  is  a  clond  npon  the  title  to  Mr.  Foster's  ditch  by  your 
granting  the  certificate,  this  is  certainly  a  mistake,  and  as  Mr.  Foster  would  not 
get  the  benefit  of  the  water  for  the  fifteen  acres  which  is  appropriated  by  Mr. 
Leitner,  I  can  certainly  see  no  advantage  to  Mr.  Foster  in  securing  the  cancella- 
tion of  the  certificate  in  question. 

Be6i>ectf  ully  submitted. 

Benjamin  F.  Fowler, 

Attorney-  General, 
Hon.  Elwood  Mead, 

State  Engineer,  Cheyenne,  Wyo. 

The  reply  confirmed  the  board's  views  and  the  request  was  refused, 
Mr.  Leitner  being  given  two  years  in  which  either  to  build  a  new  ditch 
or  to  arrange  with  Mr.  Foster  for  the  transportation  of  the  water  to 
which  he  was  entitled  through  the  Upper  Phil  Kearney  ditch. 

DISTRICT  4. 

lliis  district,  shown  in  figs.  1  and  5,  includes  Big  Goose  Creek  and 
its  tributaries.  Little  Goose  Creek  is  by  far  the  most  important 
tributary,  the  acreage  irrigated  along  its  valley  being  greater  than 
along  the  valley  of  the  main  stream.  Among  the  smaller  tributaries, 
Soldier,  Rapid,  and  Beaver  creeks  are  the  principal  branches  of  Big 
Goose  Creek,  while  Jackson,  Hanna,  Tepe,  Davis,  Trabing,  Kemp, 
Sackett,  and  Kruse  creeks  are  all  branches  of  Little  Goose  Creek, 
which  aid  in  augmenting  its  flow  and  from  which  lands  are  irrigated. 
Here,  as  in  the  Clear  Creek  district,  the  principal  stream  drains  the 
summit  of  the  range  and  cuts  off  the  late  water  supply  of  the  smaller 
tributaries,  and  here  also  irrigators  along  these  smaller  tributaries 
have  taken  advantage  of  the  topography  of  the  country  to  relieve  their 
shortage  by  carrying  water  across  the  divides.  This  transfer  of  water 
from  one  stream  to  another  has  been  carried  to  such  an  extent  in  this 
district  that  some  users  get  water  from  half  a  dozen  sources.  Irriga- 
tors near  the  lower  end  of  Little  Goose  Creek  have  the  natural  flow  of 
the  stream,  water  from  Piney  Creek,  and  from  three  ditches  from  Big 
Goose  Creek,  making  in  all  five  separate  sources  of  supply.  These 
transfers  from  one  watershed  to  another  and  this  extended  use  of 
streams  as  parts  of  ditch  S3^stems  have  undoubtedly  greatly  extended 
the  acreage  of  land  reclaimed,  but  it  has  at  the  same  time  enormously 
increased  the  diflBculty  of  determining  and  protecting  rights.  Deter- 
mining the  rights  to  one  stream  is  hard  enough,  because  of  the  uncer- 
tainty and  conflicts  of  early  records,  but  when  these  uncertainties 
embrace  four  or  five  sources  the  problem  is  infinitely  more  complex. 
Take  as  an  illustration  the  rights  to  water  through  the  Last  Chance 
ditch.  Its  head  gate  is  in  Little  Goose  Creek.  Whenever  there  is  a 
surplus  in  this  stream  irrigators  take  from  the  nearest  source.  When- 
ever the  supply  is  inadequate  a  ditch  owned  by  the  same  persons  divert- 
ing water  from  Big  Goose  Creek  is  opened  and  water  is  used  from  that 
stream.    These  irrigators  have  therefore  established  a  right  to  water 
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from  both  streams.  The  question  which  confronted  the  board  was,  How 
to  frame  a  decree  which  would  give  to  these  irrigators  the  right  to  take 
water  from  both  streams  and  at  the  same  time  limit  it  to  a  single 
appropriation.  If  it  was  absolutely  certain  that  water  rights  would 
remain  attached  to  the  land  where  acquired  and  the  decree  could  have 
been  so  worded  as  simply  to  give  this  land  whatever  water  was 
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needed,  there  would  have  been  little  trouble  in  preparing  the  certifi- 
cates, but  the  statutes  of  Wyoming  prescribe  the  form  of  certificates  of 
appropriation  and  require  the  board  issuing  them  to  give  the  volume 
appropriated  in  cubic  feet  per  second  continuous  flow.  It  was  neces- 
sary to  give  the  same  number  of  second-feet  from  each  stream,  and  to 
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make  this  continuous,  since  there  is  no  authority  in  the  law  for  limit- 
ing the  appropriation  to  certain  months  or  to  certain  portions  of  the 
irrigation  season.  The  board  endeavored,  in  framing  its  order,  to 
prevent  any  plaim  to  a  double  appropriation  being  set  up  in  the 
future.  But  its  success  will  largely  depend  upon  the  decision  of  the 
supreme  court  as  to  whether  rights  acquired  under  the  Territorial  law 
can  be  sold  and  transferred  to  other  lands.  If  this  right  should  be 
upheld,  there  is  no  question  that  the  right  to  dispose  of  the  appropria- 
tions from  one  of  these  streams  will  become  a  matter  of  litigation. 

The  use  of  two  ditches  to  divert  a  single  appropriation  and  the  use 
of  a  natural  stream  as  a  part  of  the  canal  system  made  it  difficult  to 
fix  priorities.  Many  of  the  ditches  from  Little  Goose  Creek  were  con- 
structed prior  to  those  which  turn  water  from  Big  Goose  Creek  and 
have  different  priority  numbers.  Hence  the  same  tract  of  land  has  a 
divided  appropriation — the  two  parts  coming  from  different  sources 
and  having  different  priorities. 

The  boundaries  of  district  No.  4  are  based  on  drainage  lines,  and 
prior  to  the  beginning  of  irrigation  there  was  no  connection  between 
the  streams  of  this  district  and  those  on  either  side  above  the  mouth 
of  Big  Ck)ose  Creek.  There  are  three  places  at  which  water  is  trans- 
ferred from  one  district  to  another.  It  is  turned  from  the  North 
Fork  of  Big  Goose  Creek  into  the  head  of  Wolf  Creek  in  water  district 
No.  o,  and  by  the  Patrick  ditch  from  Big  Goose  Creek  across  Soldier 
Creek,  and  thence  into  Wolf  Creek  at  a  point  about  12  miles  farther 
down;  and  on  the  south  water  is  turned  into  Little  Goose  Creek  by 
one  of  the  canals  from.Piney  Creek,  so  that  drainage  lines  are  being 
almost  obliterated.  When  the  Granger  canal  is  completed  there  will 
be  a  continuous  connection  by  ditches  from  Powder  River  on  the  south 
to  the  Montana  boundary,  a  distance  of  100  miles,  uniting  four  districts. 
A  summary  of  the  appropriations  of  water  in  this  district  is  given  in 
the  First  Biennial  Report  of  the  State  Engineer  of  Wyoming,  1891-92, 
pages  XXV  to  xxx,  and  continued  in  the  Third  Biennial  Report,  1895-96, 
pages  177  and  180. 

DISTRICT  5. 

In  district  No.  5,  shown  in  figs.  1  and  6,  the  cost  of  ditches,  rather 
than  the  adequacy  of  the  water  supply,  governed  the  location  of  the 
farms  first  reclaimed.  Tongue  River,  the  main  stream,  has  still  a 
large  volume  unappropriated,  which  each  year  runs  to  waste,  but  on 
a  number  of  its  tributaries  there  are  more  lands  xmder  ditch  than  these 
streams  will  fertilize.  This  condition  of  affairs  is  due  to  the  fact  that 
ditch  building  from  Tongue  River  is  expensive,  as  shown  in  PI.  V. 
After  the  stream  leaves  the  mountains  the  grade  of  its  channel  is  very 
light  and  the  valley  narrow.  On  both  sides  are  high  bluffs  with  very 
little  irrigable  land  along  their  slopes,  while  to  reach  the  table-lands 
above  requires  long,  crooked  ditches  with  many  dikes  or  flumes,  where 
ravines  or  tributary  streams  have  to  be  crossed. 
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The  shortage  of  water  on  the  tributaries  led  to  eariy  quarrels  over 
its  division.  Litigation  over  water  rights  on  Wolf  (east  of  area  shown 
on  fig.  6),  Amsden,  Smith,  and  Hewes  (or  Columbus)  creeks  began 
when  Wyoming  was  a  Territory,  but  no  conclusion  had  been  reached 
when  the  State  law  went  into  effect.  The  testimony  which  had  been 
taken  in  this  litigation  was  transferred  to  the  board  of  control,  and 
these  streams  were  among  the  first  to  be  dealt  with  by  that  body. 
Since  the  priorities  on  these  tributaries  were  earlier  than  the  appro- 
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Fig.  6.— Location  of  ditches  on  North  Fork  of  Tongue  River,  Division  n,  district  & 

priations  on  the  main  stream  they  were  independent  of  any  claims  on 
the  latter.  Hence,  in  the  final  determination  of  these  rights,  the 
board  of  control  dealt  with  each  as  a  separate  and  distinct  drainage 
basin.  The  announcement  of  the  policy  of  the  board  of  control,  in 
limiting  water  rights  to  the  volume  actually  used,  was  not  in  accord 
with  the  views  of  some  of  these  claimants,  who  held  that  their  state- 
ments of  claims  described  the  amounts  of  their  appropriations,  and 
that  to  reduce  these  was  an  encroachment  on  vested  rights. 
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An  appeal  from  the  board's  order  was  taken  by  the  second  appro- 
priator  from  Amsden  Creek.  This  appropriator  was  allowed  0.86  of 
a  cubic  foot  per  second  for  the  irrigation  of  60  acres  of  land,  the  loca- 
tion of  the  land  being  described.  The  appeal  was  based  on  the  claim 
that  water  for  150  acres  had  been  appropriated,  and  made  it  neces- 
sary for  the  conrt  to  rule  on  the  question  as  to  what,  under  the  Wyo- 
ming law,  constituted  an  appropriation.  The  following  extract  from 
the  proof  of  appropriation  gives  the  testimony  on  which  the  board 
limited  the  right  to  water  for  60  acres: 

QueBtion.  State  the  ntunber  of  acres  watered  each  subsequent  year,  and  give 
the  legal  subdivisions  on  which  the  water  is  used. 

Answer.  Claimant  increased  the  amount  of  land  irrigated  each  year  from  1882 
to  the  present  time,  and  now  has  about  60  acres  under  cultivation  and  irrigation. 

Question.  State  the  acreage  said  ditch  is  capable  of  watering,  and  show  on  a 
map  or  plat,  on  a  scale  of  2  inches  to  the  mile,  the  location  of  said  ditch  and  the 
land  it  is  capable  of  watering. 

Answer.  One  hundred  and  fifty  acres. 

Bemarks. — Claimant  appropriated  water  sufficient  for  150  acres  of  said  land,  and 
now  claims  water  for  said  land.  He  does  not  use  said  water,  has  not  heretofore, 
but  if  farming  becomes  more  xnrofitable  he  may  desire  to  cultivate  all  of  his  land, 
and  his  appropriation  was  made  to  cover  all  of  said  land. 

It  will  be  seen  from  this  testimony  that  only  60  acres  had  actually 
been  watered,  but  that  the  claimant  stated  it  was  his  intention  at 
some  future  time,  when  irrigation  became  more  remunerative,  to 
water  more  land.  The  map  made  by  the  State  engineer's  ofllce  showed 
that  about  100  acres  of  land  belonging  to  the  claimant  could  be 
watered,  but  that  about  50  acres  of  land  belonging  to  other  parties 
could  be  watered  from  this  ditch,  so  that  the  claim  for  a  possible  irri- 
gation of  150  acres  from  the  ditch  was  correct.  The  maps  and  proofs 
of  other  claimants  showed  that  about  435  acres  of  land  had  been 
reclaimed,  and  the  actual  necessities  of  this  laud  had  more  than 
exhausted  the  water  carried  by  the  stream,  so  that  the  resulting  short- 
age had  led  to  litigation  over  these  rights  prior  to  the  admission  of 
Wyoming  to  statehood.  This  lack  of  an  adequate  water  supply  was 
shown  by  the  gagings  made  by  the  State  engineer's  of&ce,  the  volume 
in  July  being  5.25  cubic  feet  per  second,  while  the  aggregate  of  the 
appropriations  made  by  the  board  of  control  on  the  restricted  basis 
of  the  necessities  of  the  land  reclaimed  was  6.21  cubic  feet  per  second. 
If  the  claim  of  an  appropriation  for  150  acres,  instead  of  60,  had  been 
recognized  by  the  board,  the  water  for  the  additional  90  acres  would 
have  been  taken  away  from  lands  already  reclaimed  and  from  present 
users,  to  be  held  as  a  speculative  property  by  this  claimant  until  it 
became  valuable  enough  for  him  to  use,  or  until,  trading  on  the 
necessities  of  those  now  using  it,  he  could  compel  them  to  purchase 

it  from  him. 

The  evils  of  basing  appropriations  of  water  on  such  considerations 
would  not  have  ended  with  this  individual.    If  his  belief  that  he  would 
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at  some  f  ature  time  require  water  enough  for  150  acres  of  land  consti- 
tuted an  appropriation,  the  belief  of  any  appropriator  on  a  stream  that 
he  might  at  some  future  time  use  more  water  would  also  have  entitled 
him  to  the  full  amount  of  his  probable  necessities,  and  appropriations 
would  be  fixed  not  by  physical  conditions,  but  by  the  state  of  men's 
minds  when  filing  claims.  The  first  appropriation  on  this  stream  was 
for  water  sufficient  to  reclaim  100  acres,  but  the  owners  of  that  ditch 
had,  prior  to  the  adjudication,  enlarged  it,  and  had  actually  reclaimed 
110  acres  additional,  for  which  they  received  at  the  hands  of  the  board 
of  control  an  appropriation  having  a  later  priority.  If,  however,  the 
contention  of  the  appealing  appropriator  had  been  sustained,  the 
appropriator  holding  the  first  priority  could  have  maintained  that  he 
had  intended  to  appropriate  the  whole  stream  and  have  taken  it, 
while  the  other  five  appropriators,  including  the  party  appealing  from 
the  board's  decision,  would  have  been  compelled  to  look  to  him  rather 
than  to  the  mountains  for  their  water  supply. 

It  seems  strange  that  such  an  indefinite  and  unreasonable  basis  for 
water  rights  should  ever  have  had  any  defenders  or  received  serious 
consideration;  but  until  the  court  sustained  the  board's  ruling  public 
opinion  in  the  State  was  very  evenly  divided  as  to  the  legality  of  the 
action.  The  reason  for  this  lies  in  the  fact  that  the  evils  of  these 
extravagant  grants  are  not  at  once  manifest.  The  term  ''cubic  foot 
per  second  "  is,  to  the  majority  of  irrigators,  wholly  meaningless,  and 
this  fact  made  them  unable  to  appreciate  either  the  effect  of  an  allow- 
ance of  their  claims  or  the  adequacy  of  the  appropriation  which  the 
board  of  control  had  approved.  When  a  claim  had  been  made  for  20, 
50,  or  100  second-feet  of  water,  and  the  claimant  found  that  it  had 
been  cut  down  to  1,  2,  or  3  second-feet,  it  was  but  natural  that  he 
should  feel  aggrieved  and  be  inclined  to  look  with  distrust  on  the 
assurance  that  this  volume  was  entirely  sufficient  to  meet  all  his 
requirements.  The  result  of  basing  appropriations  on  the  volumes 
claimed  from  Amsden,  Smith,  and  Hewes  creeks  is  not,  however,  a 
matter  of  speculation. 

On  the  last-named  stream  twenty-eight  parties  submitted  proofs  of 
appropriations,  and  the  surveys  of  the  engineer's  office  showed  that 
each  of  them  had  used  water.  The  aggregate  volume  of  the  appro- 
priations approved  by  the  board  was  34.8  second-feet,  which  was  less 
than  half  the  76  second-feet  claimed  by  the  first  five.  Subsequent 
experience  has  shown  that  the  volume  fixed  by  the  board's  order 
is  more  than  the  stream  will  furnish,  and  some  of  the  later  appro- 
priators are  now  building  a  ditch  from  Tongue  River;  but  if  the 
stream  does  not  carry  34  second-feet  it  certainly  would  not  have  sup- 
plied 76  second-feet,  and  the  allotment  of  this  volume  to  the  first  five 
appropriators  would  have  left  nothing  for  the  remaining  twenty-three. 
It  is  manifest,  also,  that  they  have  never  used  more  than  the  stream 
carries*  and  of  course  it  is  impossible  to  acquire  an  appropriation 
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without  ever  having  diverted  or  used  the  water.  The  injustice  of 
making  these  claims  the  foundation  of  adjudicated  rights  is  strikingly 
shown  in  the  case  of  this  stream.  The  claim  of  the  first  appropriator 
was  for  21  second-feet,  and  of  the  second  for  10  second-feet,  so  that  if 
these  two  had  been  given  all  they  asked  they  would  practically  have 
owned  the  stream. 

Smith  Creek  did  not  supply  enough  water  to  meet  the  actual  needs 
of  users  when  the  priorities  were  determined.  The  order  of  the 
board  limited  the  rights  of  all  the  appropriators  to  13.97  cubic  feet 
per  second.  This  was  probably  in  excess  of  the  volume  actually  used, 
but  it  was  a  great  reduction  from  what  was  claimed,  since  that  of  the 
first  appropriator  alone  was  for  150  second-feet,  or  more  than  ten 
times  the  volume  which  the  stream  carries.  The  claimant  of  150 
second-feet  received  6  feet,  and  was  indignant  because  he  believed 
that  he  had  been  unjustly  deprived  of  the  difference. 

LITTLE  TONGUE  RIVER. 

The  rights  to  water  from  Little  Tongue  River,  the  principal  tribu- 
tary of  Tongue  River,  have  not  as  yet  been  determined.  At  the  time 
of  the  adjudication  there  had  not  been  a  sufficiently  thorough  investi- 
gation of  the  physical  conditions  to  enable  the  board  to  reach  a  satisfac- 
tory conclusion  as  to  the  merits  of  some  of  the  questions  which  must 
be  decided.  One  of  these  is  a  physical  problem  of  great  interest.  It 
is  a  well-known  fact  that  all  of  the  streams  draining  the  eastern  slope 
of  the  Bighorn  Mountains  lose  more  or  less  water  through  underground 
channels.  One  of  the  branches  of  Powder  River  sinks,  to  reappear 
below  with  diminished  volume.  The  losses  on  the  South  Fork  of  Clear 
Creek  amount  to  a  considerable  percentage  of  its  entire  flow  during 
the  latter  part  of  the  irrigation  season,  and  a  ditch  built  to  turn  water 
therefrom  into  Crazy  Woman  Creek  has  been  a  failure,  because  the 
water  diverted  disappeared.  But  of  all  these  streams  the  loss  in 
Little  Tongue  River  is  the  greatest. 

During  an  examination  made  five  years  ago  a  number  of  f  unnel- 
shai)ed  openings  were  discovered,  through  which  large  volumes  of 
water  were  disappearing,  with  no  evidence  of  their  reappearance.  In 
one  case  the  volume  was  measured  and  was  found  to  be  in  excess  of 
3  cubic  feet  per  second.  In  the  places  examined  the  water  sinks 
where  streams  cut  across  the  upturned  edges  of  a  limestone  stratum 
of  great  thickness.  Whether  the  total  volume  lost  from  Little  Tongue 
River  is  greater  than  that  from  the  main  stream  is  as  yet  unknown, 
but  the  percentage  is  greater  and  the  loss  more  apparent.  Those 
dependent  on  the  stream  have  made  many  efforts  to  ascertain  the 
location  of  these  underground  channels  and  close  them  up,  and 
much  has  been  accomplished  in  this  direction.  One  of  the  parties 
engaged  in  this  work  claims  that  the  water  thus  saved  should  not  be 
subject  to  the  rights  of  appropriators  of  the  normal  discharge,  but 
IBB  23 4 
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should  be  wholly  independent  thereof.    In  his  claim  for  a  separate 

right  and  for  its  adjudication  apart  from  the  rights  on  the  main 

stream  he  sets  forth  by  af&davit  the  facts  on  which  the  claim  is  based. 

The  affidavit  is  here  given: 

John  R.  Qatewood,  being  first  dnly  sworn,  deposes  and  says  that  he  is  a  citizen 
of  the  county  and  State  aforesaid;  that  he  is  the  person  described  in  the  annexed 
'*  Application  for  a  permit  to  divert  and  appropriate  the  waters  of  the  State  of 
Wyoming,"  and  that  the  water  which  he  desires  to  appropriate  from  the  Sonth 
Fork  of  the  Tongue  River,  one  of  the  natural  streams  of  the  State,  is  water  which 
has  not  as  yet  been  appropriated  by  any  person  for  *'  beneficial  uses;"  that  in  the 
said  South  Fork  of  Tongue  River,  back  in  the  mountains,  at  places  described  in 
said  **  application,"  there  are  natural  holes  on  the  bottom  of  the  stream  through 
which  about  20  per  cent  of  the  natural  flow  of  said  water,  at  low  water,  escapes 
into  the  earth,  and  that,  as  far  as  afOant  has  been  able  to  ascertain,  doee  not  again 
Txm  into  said  stream  or  any  other  natural  stream,  but  is  wholly  lost;  that  said 
affiant  believes  that  he  can  save  said  water  for  beneficial  uses;  that  he  is  the 
owner  of  possessory  rights  to  agricultural  lands  in  said  county,  and  has  not  water 
to  reclaim  the  same,  and  that  by  being  allowed  to  save  this  water  he  verily  believed, 
and  does  believe,  that  he  can  secure  said  water  for  said  beneficial  uses. 

A  list  of  the  adjudicated  rights  in  water  district  No.  5  is  given  in  the 
First  Biennial  Report  of  the  State  Engineer  of  Wyoming,  1891-92, 
pages  xxxiii  to  xxxvi  and  pages  xxiii  and  xxiv.  These  tables  are 
continued  in  the  Third  Biennial  Report,  1895-96,  page  176. 

APPROPRIATIONS  IN  DIVISION  III. 

On  the  west  side  of  the  range  but  little  has  been  done  by  the  State 
irrigation  authorities.  Rights  have  been  determined  in  the  sixth  dis- 
trict, but  not  in  the  fourth  and  seventh  (see  fig.  1),  there  being  so 
large  a  surplus  as  to  obviate  any  controversy  among  users. 

DISTRICT  6. 

The  following  order  and  tabulation  gives  the  rights  established  in 
the  sixth  district  and  the  form  in  which  the  entry  of  the  board's  action 
is  made  in  the  records  of  the  board  of  control: 

ORDBR  ESTABLISHING  PRIORITIBS  AND  AMOUNTS  OF  APPROPRIATIONS 
OF  WATER  FROM  NO  WOOD  RIVER  AND  ITS  TRIBUTARIES. 

In  the  matter  of  the  determination  of  the  rights  of  appropriators  of  water  from 

No  Wood  River  and  tributaries,  in  water  division  No.  8,  Bighorn  Comity, 

Wyoming. 

In  this  matter  the  board  of  control  having  heretofore,  at  its  regular  meeting 
held  on  the  21st  day  of  March,  1806,  dnly  made  and  entered  an  order  for  the  ad- 
judication and  determination  of  the  rights  to  the  nse  of  the  waters  of  No  Wood 
River  and  its  tributaries,  in  water  division  No.  8,  and  directing  the  State  engineer 
to  proceed  as  soon  as  possible  and  survey  and  measure  all  the  ditches  diverting 
water  therefrom; 

And  it  appearing  that  the  State  engineer,  in  pnrsnanoe  of  said  order,  after  giv- 
ing dne  and  legal  notice  according  to  law  to  all  appropriators  from  said  stream 
and  its  tributaries,  did  survey  and  measure  all  the  said  ditches,  and  prepared  and 
filed  complete  maps  and  a  report  in  the  office  of  the  said  board: 

Thereafter  N.  H.  Brown,  superintendent  of  said  water  division  No.  3,  after  due 
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and  legal  notice  to  appropriators  of  water  fixing  the  time  and  place  of  receiving 
proof  of  appropriation  from  said  stream  and  its  tributaries,  did  appear  at  the  time 
and  place  fixed,  and  did  take  and  receive  the  sworn  proofs  and  testimony  in  writ- 
ing of  all  persons  appearing  and  claiming  rights  to  water  in  said  stream,  and 
thereafter  exposed  said  proof  to  public  inspection  on  a  day  fixed  according  to  law, 
and  said  proofs  having  been  examined  and  no  contests  having  been  instituted  were 
thereafter  duly  filed,  with  his  report  and  findings,  in  the  office  of  said  board; 

And  now  this  matter  coming  regularly  on  for  hearing  and  determination  by  the 
board  of  control,  upon  the  records  in  the  State  engineer's  office  and  the  proofs  of 
appropriation  duly  taken  and  submitted  by  said  superintendent,  and  upon  the 
maps  and  report  of  surveys  and  measurements  of  streams  and  ditches  duly  made 
by  the  State  engineer  and  his  assistants,  and  the  board  having  now  examined  the 
records  in  the  State  engineer's  office,  the  proofs  of  the  beneficial  use  of  water,  filed 
in  the  office  of  said  board,  and  having  read  the  report  and  tabulation  and  heard 
and  considered  the  recommendations  of  said  N.  H.  Brown,  superintendent  of  said 
division  No.  8,  that  certificates  of  appropriation  be  Issued,  and  the  board,  being 
now  fully  advised,  finds  as  follows: 

FINDINGS. 

The  board  finds  that  the  appropriations  of  water  determined  and  established  by 
this  order  were  made  from  the  following-named  streams: 

No  Wood  River  proper  and  Bear  Creek,  Boxelder,  Upper  or  Little  Canyon  Creek, 
Crooked  Creek,  Otter  Creek,  Spring  Creek,  Tensleep  Creek,  Broken  Back  Creek, 
Alkali  Springs  Creek,  Paint  Bock  Creek,  all  tributaries  of  No  Wood  proper. 

Cherry  Creek,  tributary  of  Boxelder. 

North  Fork  Spring  Creek,  tributary  Spring  Creek. 

Lower  Canyon  Creek,  tributary  Tensleep. 

North  Fork  Broken  Back,  tributary  Broken  Back. 

Buffalo  Flat  Creek,  tributary  Alkali. 

Medicine  Lodge  Creek,  tributary  Paint  Rock. 

Coon  Holler  or  Coon  Creek,  tributary  Spring. 

That  in  order  to  adjudicate  and  establish  the  rights  of  the  various  appropriators 
from  these  several  streams  it  is  necessary,  in  addition  to  the  determination  of  the 
order  of  priority  and  general  priority  number  of  each  of  the  rights  to  water  from 
No  Wood  and  its  tributaries,  taken  as  a  whole,  for  the  board  to  determine  and 
establish  the  priorities  of  right  growing  out  of  appropriations  from  each  of  said 
streams  as  between  the  appropriators  therefrom  themselves. 

The  board  finds  that  the  rights  of  appropriators  from  each  of  the  yarious  tribu- 
taries are  subject  to  the  rights  of  prior  appropriators  on  the  main  stream  below, 
or  on  the  stream  into  which  said  tributary  fiows,  and  to  these  rights  only. 

Subject  to  the  foregoing  limitations  and  conditions,  the  board  finds  the  name  of 
the  appropriators,  the  priority  numbers  of  said  appropriations,  the  maximum 
amounts  thereof,  the  uses  for  which  the  water  was  appropriated,  and  the  legal 
subdivisions  of  land  on  which  the  water  appropriated  is  to  be  used  and  to  which 
it  is  attached  are  as  set  forth  in  the  following  table. 

ORDER. 

It  is  therefore  ordered  by  the  board  of  control  that  each  of  the  following-named 
appropriators  from  No  Wood  and  its  tributaries  above  named  do  have  the  use  of  the 
water  of  the  stream  from  which  said  appropriation  was  made  by  him,  or  them,  for 
the  beneficial  purpose  for  which  acquired  and  for  no  other,  and  that  the  names  of 
the  appropriators,  the  priority  number  of  each  of  said  appropriations,  the  maxi- 
mum amounts  thereof,  the  names  of  the  ditches  or  other  diverting  works  through 
which  the  appropriation  is  made,  the  dates  of  said  appropriations,  the  beneficial 
use  to  which  the  water  is  appropriated,  and,  when  for  irrigation,  the  description 
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of  the  land  to  which  the  water  appropriated  is  attached,  shall  be  the  same  as 
stated  in  the  following  table  under  its  appropriate  heading,  which  said  table  is 
hereby  made  a  part  of  this  order. 

It  is  further  ordered  that  each  of  the  appropriations  for  irrigation  shall  be  suffi- 
cient for  the  economical  irrigation  of  the  land  described  and  no  other,  not  to 
exceed  1  cubic  foot  of  water  per  second  of  time  for  each  70  acres  irrigated. 


NO  WOOD  RIVER  PROPER. 


Pri- 
ority 
nnm- 
ber.a 


6  1 

11  2 

12  8 
88  4 
41  6 

41  6 

42  6 
48  7 
48  7 


48  7 

43  7 

48  7 
46  8 

49  9 
49   9 

49  9 
68  10 
63  10 

80  17 
8218 

68  19 


Name  of  ditch. 


g^  Y , 

ci)rn€S"No.'i"! 
Mead  No.  1..... 

Spratt 

GfreenSpot.... 
Cornell  Na  2.. 

Suez 

Harmony 

do :. 


....do. ......... 

do 

do 

Umelopogaas 
17o2. 

Western 

do 


ng 


.do 


do 


Ayent 

Cornell  Na  2. 

enlargement. 
Harmony  Mill 

enlargement. 


Name  of  appro- 
priator. 


John  D.  am... 

Enoch  Cornell. 

John  Mead 

Thos.  Spratt... 

OhafiLmils 

Enoch  Cornell. 

Taylor  Bros 

O.  C.  Morgan.. 
Henry  Jordan. 


Lonisa  M.  Smith. 

A.  G.  Smith 

Jas.  A.  Qniner... 
A.  L.  Coleman... 

L.  J.  Diehl 

Nich.  Carstensen 

Qeo.A.  Bell 

E.  M.  Bg 

Otto  Dg  and  Ar- 
thur A.  Ug. 

IraM.  Avent 

John  Mead 


Henry  Jordan 


Poet-office  ad- 
dress. 


Redbank,Wyo. 

do — . . 

do 

Bonanza,  Wyo. 
Redbank,Wyo. 

do 

Bonanza,  Wyo. 

do 

do 


do 

do 

do 

Redbank,Wyo. 

Bonanza,  Wyo. 
Hyattville, 

wyo. 
do.......... 


Bonanza,  Wyo. 
do 


do 

RedbankfWyo. 

Jordan,  Wyo... 


Date  of  ap- 
propriation. 


May  1,1886 
Apr.  2,1886 
M!ay  1,1886 
May  18,1889 
1889 
1889 
Mar.  15, 1880 
Mar.  20, 1880 
.....do 


.....do 

do 

.....do 

Nov.  1,1880 

Ang.  2,1892 
.....do....... 

Oct  16,1808 
.....do 


July   5,1896 
Sept  16, 1895 

Jan.    4,1896 


Use  to  which 
water  is  ap- 
plied. 


Irrifiration.. 

do 

do 

.....do 

do 

do 

.....do  — ... 

do 

Domestic 
and  irri- 
gation. 

do 

do 

do 


.do 
.do 


.do 
.do 
.do 

.do 
.do 


Mechanical 


0.79 
.80 
.15 

&21 
.16 
.12 

1.86 

2.28 
.88 


.21 
.68 
.74 
.64 

2.78 
1.14 

4.08 
.71 
.68 

1.71 
.21 

1.15 


55 

2J 

10 
225 

10 

8 

180 

160 

60 


15 
87 
6U 
45 

195 
80 


50 
48 

120 
15 


1    1 

16   2 
21    8 


24 

25 


4 
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Two  Bar 


Helms  No.  1 
Wells  No.  1 . 
Wells  No.  2. 
Helms  No.  2 


Estate  of  Haryey 
Booth. 

Henry  Helms 

Chas.  Wells 

do 

Henry  Helms 


Redbank,Wyo. 


....do 

...do 

...do 

....do 


Apr.,      1884 

Apr.,  1886 
May,  1887 
Sept  1,1887 
Sept,     1887 


Irrigation. 


.....do. 

do 

do 

.....do 


0.57 

.40 
.46 
.63 
.81 


40 


44 


UPPER  OR  LITTLB  CANTON  CREEK,  TRIBUTARY  OP  NO  WOOD  RIV^ER. 


18   1 

40   8 
45   8 


65 
65 


4 
4 


Red  Bank.... 

Umslopogaas 

Roeebnd 

Hillside 

do 


H.  A.  Richards .. 

A.  L.  Coleman... 
Haryey  Smith... 

C.  S.  Wain 

Alex.  Arledge... 


RedbanlE,Wyo. 


.do... 
.do... 
.do., 
.do... 


Jnne,     1886 

May,      1889 

Sept,     1890 

Feb.  16,1894 

do 


Irrigation 

and  stock. 

Irrigation.. 

'.'.y.do'.iv.'.'. 

do 


4.57 

.50 
.10 
.83 
.60 


880 

85 

7 

65 

86 


CROOKED  CREEK,  TRIBUTARY  OF  NO  WOOD  RIVER. 


8    1 


8    1 


F.  D.  Helmer, 
or  Bmnner 
No.  1. 

Alnsworth 


Frank  D.  Helmer . 


F.  S.  Alnsworth . 


Redbank,Wyo. 


.do 


May  15.1885 


.do 


Irrigation. 


Irrigation 
and  me- 
chanical. 


1.14 


70 
80 


a  The  first  number  Is  the  general  priority  number  in  reference  to  the  rights  to  water  from 
No  Wood  River  and  its  tribntaries  taken  as  a  whole;  the  second  is  the  priority  number  in 
reference  to  the  rights  from  each  stream. 
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OTTER  CREEK,  TRIBUTARY  OF  NO  WOOD  RIVER. 


Pri- 
ority 
nmn- 

ber. 


4  1 

7  2 

28  8 

31  4 

68  5 


Name  of  ditch. 


Oront... 
Dyaon... 
Daly  .... 
Hi«bie. 
Sawyer . 


Name  of  appro- 
priator. 


C.B.  Shaw 

.....do 

do 

G.  J.  Hlffbie 

Oeorge  Sawyer. 


PoBt>offloe  ad- 
drees. 


Redbank,  Wyo. 

do 

do 

do 

do 


Date  of  ap- 
propriatioxi. 


Apr.  1,1886 
May  10,1886 
1887 
May,  1888 
Nov.   7,1884 


Use  to  which 
water  la  ap- 
plied. 


Irrigai 


tion. 


do 

do 

.do 


a 


2y 


1.06 
.66 
.64 

2.61 
.71 


SPRING  CREEK,  TRIBUTARY  OP  NO  WOOD  RIVER. 


6   1 

6   1 
10   2 


17    8 

86    4 
52   6 


Emge  A  Rob- 
inaon  Na  2. 

WaluBroa 

Bmge  &  Rob 
inaon  (Holly- 
wood). 

Standiah  A 
HenderaoiL 

Tmmel 

Timnel  enlan»- 
menty  No.  48. 


WzxL  Bobinaon 

R.  A  Wain 

Wm.  Robinson 


Elmer  Ghatfleld. 

A.  F.  and  L.  Wain. 
R  A  Wain 


Redbank,  Wyo. 

do 

Tenaleep,  Wyo. 


.do 

.do 
.do 


May    1,1886 
do 


1886 


Mar.  20.1887 

Sept.,     1888 
Sept.  14, 1803 


Irrigation. 


.do 
.do 


.do 

.do 
.do. 


0.48 

1.48 
.43 

1.93 

2.86 
.36 

80 

100 
80 


136 

200 
26 


TBNSLEEP  CREEK,  TRIBUTARY  OF  NO  WOOD  RIVEE: 


2  1 

7  2 

10  8 

22  4 

80  6 

44  6 

48  7 


Winn 

Colombian. 


Bay  State  No.  1 

Bnrke 

Perfectian 

Bay  State  No.  2 

W3rnian 


Milo  Burke 

Milo  Bnrke  and 

BeesieC.  Bnrke 

Ba^  State  Cattle 

Milo  Bnrke 

Fred  O.S.Heaae. 
Bay  State  Cattle 

Co. 
S.A  McLianghlin. 


Tenaleep,  Wyo. 
do 


.do 
.do 


Bnffalo,  Wyo- 
Tenaleep,  Wyo. 

do 


Sept.  1,1884 
May  10,1886 

1886 

Ang.  1,1887 
Apr.  10,1888 
May,   1800 

Jnly   2,1802 


Irriga 
ao 


tion.. 


o 
do 


....do 
do 

..-.do 


.do 


2.43 
3.00 

1.57 

.43 

7.14 

.48 

1.14 


160 
210 

110 

80 
600 

80 

80 


BROKEN  BACK  CREEK,  TRIBUTARY  OF  NO  WOOD  RIVER. 


7  1 

10  2 

18  8 

28  4 


28 
28 
29 
41 
47 


4 
4 
6 
6 
7 


47    7 
47    7 


67    8 


CarotheraNo.2 

Cranky  Jack... 
Hardacrabble.. 
Car ot hera 
North  Fork. 
Carother8No.l 
Carother8No.8 
North  Fork.... 

Dry  Fork 

CarothersNo.6 

CarothersNo.O 
Car o thera 

North  Fork 

Nal. 
Willlama 


Ed  Carothera 

John  D.  Hopkina 
W.  R.  Williama.. 
Ed  Carothera — 


do 

do 

John  D.  Hopkina 

H.E.  Miller 

Ed  Carothera 


.do 
.do 


W.  B.  Williama. 


Hyattville, 

Wyo. 
Tenaleep,  Wyo. 
do 

Hyattville, 


lya 


do 

Tenaleep,  Wyo. 
do 

Hyattville, 


%' 


do.. 


Tenaleep,  Wyo. 


May  10,1886 

1886 

Mar.  25,1887 

1887 

1887 
1887 
Apr.  1,1888 
1880 
1890 

1800 
1880 


Jnly  10,1894 


Irrigation. 


-do 
..do 
..do 


.do... 
.do... 
.do... 
.do... 
.do... 


.do 
.do 


.do 


.21 


.64 

.09 

.86 
.29 
.71 
.08 
.48 

.06 
.06 


.29 


16 

TO 

46 

6 

26 
20 
60 
5 
80 

6 
4 


20 


6    1 


6 
14 
14 


1 
2 
2 


14  2 

19  8 

19  8 

28  4 

27  6 


PAINT  BOCK  CREEK,  TRIBUTABY  OF  NO  WOOD  RIVEB. 


Big 


do 

Meyera 

.....do 

do 

LnmanAAllen 


do 

Bernstein. 


Elk. 


David  Matthewa. 


JohnLnman 

H.  W.  Meyera... 

JohnWeintz 

LeeNanaell 

JohnLnman 


Jaa.  D.Allen 

Clara  F.Collina.. 

Abraham  Qot- 
wala. 


[yat 

Wy< 


attville, 

"  'a 

.do 

.....do ..... 

do 

Bonanza,  Wyo. 
Hyattville, 

J^ 

Baain,  Wyo.... 

Hyattville, 
Wyo. 


May    2,1886 


do 

Sept.  11, 1886 

do 

do 

Apr.   8,1887 

do 

Summer, 

1887. 
Fall,       1887 


Irrigation. 


.do 
.do 
.do 
.do 
.do 


.do 
.do 

do 


.48 

1.14 
.96 
.16 
.86 
.88 

.80 
.86 

2.86 


80 

80 
67 
10 
60 
68 

62 
60 

|200 
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PAINT  ROCK  GREEK,  TRIBUTARY  OP  NO  WOOD  RIYER-Gontinaed. 


Pri- 
ority 
num- 
ber. 


27   5 

27  6 

28  6 


33    7 

87  8 
37  8 
37  8 
60  10 
6010 
6ill 
6612 
66  12 
80  16 
69  16 

80  16 
60  16 


Name  of  ditch. 


Elk. 


do 

Bernstein  No.l. 


Military 


Go  Ahead 

do 

do 

8hnck&  Wilson 

do 

Rinehart 

Hyattville 

.....do 

South  Side...  . 
Weintz 


.do 
.do 


Name  of  appro- 
priator. 


John  Luman. 


Jas.  D.Allen 

Estate  of  Fred 

Bernstein,  D.B. 

Stanton,  agent. 
T.  F.Nelson 


Willis  J.  Booth.. 
H.  D.  Hendricks. 

T.  P.  Nelson 

Zelotes  Wilson... 

Asa  Shuck 

DanH.  Rinehart. 

S.  W.Hyatt 

D.  W.  Hunsinger 

LeeNansell 

John  Weintz 

H.  W.Meyers... 
Nora  O.  Meyers. 


Poet-offlce  ad- 
dress. 


Hyattville, 

...:fe 

Basin,  Wyo.... 


Hyattville, 

V. 


.....do 

.....do 

.....do.......... 

do 

do 

do 

do 

Bonanza,  Wyo. 
Hyattville, 

...^r: 

do 


Date  of  ap- 
propriation. 


Fall,       1887 
do 


1887 


May,      1888 

May    1,1889 

do 

do 

Mar.  20, 1808 

do 

Jan.  28,1804 
July  2,1804 

do 

July   6,1806 
do 


.do 
.do 


Usetowhic^ 
water  is  ap- 
plied. 


Irrigation. 


.do 
.do 


...do...... 


.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

.do 

.do. 

.do. 
.do. 


\S'6 


0 

|-5 


f- 


u 


2.64 

1.43 
6 


.54 

1.79 

1.67 
.48 
.79 

1.71 
.18 

1 

.86 
.48 

1 

.61 
.60 


r 

185 

100 
360 

88 

126 
UO 

80 

66 

120 
12 
70 
60 
29.8 
70 

88 
86 


CHERRY  CREEK,  TRIBtJTARY  OF  BOXELDER  CREEK. 


61    1 


Helms  No.  8.. 


Henry  Helms. 


Redbank,Wyo. 


July  11,1805 


Irrigation. 


.28 


18 


LOWER  OR  BIG  CANYON  CREEK,  TRIBUTARY  OF  TBNSLEEP  CREEK. 


8   1    Hunsinger  No.l 
16   2    Hunsinger  No.2 
61   3    Canyon  Creek 
Dftch. 


Jacob  Hunsinger 
do 

Frank  M.  Sim- 
mons (C.  E. 
Shaw,  agent.) 


Tensleep,  Wyo. 

do 

do 


Oct.  16,1894 
Oct.  1.1886 
Sept.  4,1898 


Irrigation. 
"V.doV.V.'. 


2.28 
2.64 
8.64 


160 
186 
266 


BUFFALO  FLAT  CREEK,  TRIBUTARY  OF  ALKALI  CREEK. 


88    1 


Buffalo  Flat 


John  J.  Smith 


Hyattville, 
Wyo. 


1888 


Irrigation.. 


.98 


65 


MEDICINE  LODGE  CREEK,  TRIBUTARY  OF  PAINT  ROCK  CREEK. 


9   1 
9    1 


10  2 

20  8 

20  8 

26  4 

26  4 

82  6 

84  6 

84  6 


GtoorgeBayne 
do 


Wickwire 

Allen  A  Nelson 

do...... 

Highland 

WaluNo.2 

Hyatt  No.  2.... 

Anthony 

do 


D.  y.Bayne. 


Estate  of  Qeorge 
CUsell.  F.  P. 
Carr,  adminis- 
trator. 
Byron  Wickwire 
Theodore  F.  Nel- 
son. 

Jas.  D.Allen 

Lorenzo  D.  Walu 

do 

Saml.  W.  Hyatt. . 
Byron  Wickwire 
David  Matthews . 


Hyattville, 


V 


T; 


.do.. 
,.do... 

..do.., 
.do... 
.do... 
.do... 
.do.-, 
.do.. 


May  10,1886 
do 


1885 
Apr.  10,1887 

do....... 

Nov.,     1887 

do 

May  10,1888 
Sept  20, 1888 
do 


Irrigation. 
do 


...do 
do 


.do..... 
.do..... 

do 

.do 

.do 

do 


8.19 
2.68 


.86 
1.10 

.87 
.49 
.67 

1.21 
.08 

8.60 


177 


77 

61 
84 
40 
86 
6 
246 


COON  HOLLER  OR  COON  CREEK,  TRIBUTARY  OP  SPRING  CREEK. 


89   1 


Dutch. 


John  J.  Smith... 


Hyattville, 
Wya 


May  17,1889 


Irrigation.. 


.26 


18 
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It  is  further  ordered  that  certificates  of  appropriation  be  issued  to  the  said 
appropriators  in  accordance  with  the  provisions  of  the  foregoing  findings  and 
order. 

In  witness  whereof,  the  president  of  the  State  board  of  control  has  hereunto 
set  his  hand  this  10th  day  of  March,  A.  D.  1898. 

RSSEBVOIKS. 

By  drawing  on  the  larger  streams  when  the  smaller  ones  were 
exhausted  it  has  been  possible  to  ntilize  a  large  percentage  of  the 
flow  from  the  east  side  of  the  range  without  resorting  to  storage, 
but  the  time  is  approaching  when  storage  will  be  necessary  if  the  re- 
claimed area  is  to  be  extended.  Storage  has  been  somewhat  delayed, 
because  there  is  no  law  at  present  defining  and  protecting  rights  to 
stored  water.  This  is  one  of  the  legislative  questions  to  be  dealt 
with  in  the  near  future.  Much  can  be  done  whenever  it  becomes 
necessary.  The  sites  for  mountain  reservoirs  are  both  numerous 
and  valuable.  From  the  summit  of  Cloud  Peak  over  100  mountain 
lakes  can  be  counted,  and  a  large  x>ercentage  of  these  will  in  time  be 
utilized. 

Actual  construction  has  begun  on  only  one  of  these  reservoir  sites — 
Dome  Lake.  The  location  of  this  lake  is  shown  in  fig.  5,  and  a 
detailed  sketch  of  the  lake  and  surroundings  is  given  in  fig.  7.  The 
elevation  of  the  lake  is  8,720  feet,  as  determined  by  the  topographers 
of  the  United  States  Geological  Survey  during  the  season  of  1897. 
The  area  of  the  water  surface  is  320  acres,  the  average  depth  20  feet, 
and  the  total  flow  of  water  6,400  acre-feet.  The  estimated  cost  of  the 
reservoir  is  $50,000.  The  improvements  have  been  made  with  the 
double  object  of  storing  water  for  irrigation  and  of  making  this  point 
an  attractive  summer  resort. 

The  importance  of  the  lakes  on  the  head  waters  of  Piney  Creek  is 
clearly  shown  in  the  able  report  of  Capt.  Hiram  M.  Chittenden,  giv- 
ing the  results  of  his  preliminary  examinations  of  reservoir  sites  in 
Wyoming  and  Colorado.^  The  relative  location  of  these  lakes  is 
shown  on  the  Cloud  Peak  tox>ographic  atlas  sheet  of  the  United  States 
Geological  Survey,  the  area  being  mapped  during  the  fleld  season  of 
1898.  From  a  report  by  Mr.  Francois  E.  Matthes,  the  following  facts 
concerning  South  Piney  Creek  have  been  obtained: 

The  South  Fork  of  South  Piney  Creek  flows  from  the  snow  banks 
and  glaciers  east  of  Cloud  Peak,  and  has  therefore  an  abundant  water 
supply  throughout  the  year.  Its  valley,  above  the  point  where  the 
ditch  to  Rock  Creek  begins,  is  the  bed  of  an  ancient  glacier,  and  is 
thickly  covered  with  morainal  deposits  of  irregular  disposition,  giving 
rise  to  a  remarkable  number  of  lakes  of  all  sizes.  Among  these  are 
Cloud  Peak  Lake  and  Mead  Lake,  shown  in  fig.  8,  both  of  which 


1  Preliminary  examixiAtion  of  reeerroir  sites  in  Wyoming  and  Colorado,  by  Capt.  Hiram  M.  Chit- 
tenden, with  monograph  on  Beserroirs  and  their  effects  on  the  floods  of  the  Mississippi  system, 
by  James  A.  Seddon :  Honse  Doc.  No.  Ul,  Fifty-fifth  Congress,  second  session.  Washington,  1886. 
110  pp.,  10  folding  maps. 
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have  at  various  times  been  proposed  for  reservoir  sites.  Both  are 
deep  and  are  surrounded  by  steep  mountain  sides;  the  altitude  of 
Cloud  Peak  Lake  is  9,703  feet  and  of  Mead  Lake  9,950  feet,  approxi- 

mately.    (SeePl.111,5.) 

Unfortunately  but  one 
of  the  two  main  canyons 
on  the  east  side  of  Cloud 
Peak  drains  into  these 
lakes.  The  other  (lesser) 
canyon  joins  the  main 
canyon  half  a  mile  below 
Cloud  Peak  Lake. 

Another  large  body  of 
water,  Elk  Lake,  drain- 
ing into  the  South  Fork 
of  South  Piney  Creek, 
lies  on  a  broad  shelf  and 
is  very  shallow.  The 
lake  is  at  an  elevation 
of  9,850  feet.  Its  catch- 
ment area  is  very  small, 
almost  entirely  above 
timber  line,  and  con- 
tains nothing  larger 
than  insignificant  rills. 
In  spring  it  probably  re- 
ceives a  large  amount  of 
water  from  the  melting 
snowdrifts  on  the  peaks. 
The  outlet  of  the  lake  is 
wide  and  flat  and  of  Ik 
swampy  character.  The 
stream  at  that  i)oint  is 
quite  small,  but  in- 
creases farther  on.  It 
apparently  sinks  into 
the  ground  on  leaving 
the  lake,  a  phenomenon 
quite  common  in  a  coun- 
try covered  with  glacial 
debris.  By  building  a 
low  dam  the  area  of  the 
lake  will  be  considerably 
increased,  but  the  water  supply  will  be  limited  practically  to  that  ob- 
tained in  spring  from  snow  banks  which  entirely  disappear  each  summer. 
The  North  Fork  of  South  Piney  Creek  flows  through  a  valley  similar 


Fio.  7.— Dome  Lake  reaerruir. 
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to  that  of  the  South  Fork.  The  number  of  lakes,  as  shown  m  fig.  8, 
is  even  larger  than  on  that  branch,  but  few  are  available  for  water- 
storage  purposes.  Among  these  are  the  Kearney  Lakes,  altitude 
9,156  feet,  in  reality  one  lake,  which,  however,  is  fast  being  converted 


Fig.  8.— Lakes  at  head  of  Piney  and  Oooee  creeks. 

into  two  separate  lakes,  as  shown  on  PI.  VII,  by  the  sediment  of  two 
small  brooks  entering  near  the  middle,  opposite  each  other.  The 
twin  lakes  thus  formed  are  deep  and  can  easily  be  dammed  at  the  out- 
let.    They  receive  all  the  water  from  the  glaciers  in  the  canyons  north 
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of  Cloud  Peak  and  that  from  the  perpetual  snow  banks  on  the  peaks 
of  the  main  range.  It  is  expected  that  surveys  for  a  reservoir  dam  at 
theue  lakes  will  be  commenced  early  Best  season. 

The  northern  forks  only  of  Clear  Creek  were  mapped  during  1898, 
but  a  general  survey  of  the  entire  drainage  area  revealed  the  fact 
that  each  of  the  half  dozen  canyons  which  form  its  head  waters  con- 
tains a  number  of  lakes,  some  of  them  almost  as  large  as  the  Kearney 
Lakes.  The  entire  basin  is  thickly  covered  with  morainal  ridges;  it 
is  extremely  rough  and  practically  inaccessible. 

Sites  along  Tongue  River  will  serve  to  increase  greatly  the  acreage 
that  stream  will  reclaim,  while  on  the  western  slope  the  improvement 
of  the  lakes  on  Medicine  Lodge  and  Tensleep  creeks  will  serve  not 
only  to  double  the  reclaimed  area  but  to  call  attention  to  a  region  of 
unsurpassed  scenic  attractions. 

The  maps  filed  in  the  State  engineer's  office  serve  to  show  the  loca- 
tion of  the  projects  on  which  work  was  begun  and  the  nature  of  the 
improvements  proposed. 

NameM^  superfidal  area,  and  contents  of  the  reservoirs  in  the  Bighorn  Mountains 
for  which  permits  have  been  issued  by  the  State  ertgineer. 


Name. 


Dana  reservoir 

Kearney  reeervoir 

Dotae  Lake  reservoir 

Willow  reservoir 

Barr  reservoir 

Treichler  &  Parsons  reeervoir 

Ella  reservoir 

Denio  reservoir 

Cross  &  Cmse  Co.  reservoir.. 

Elk  Lake  reservoir .._ 

Cloud  Peak  reservoir 

South  Piney  reservoir 


Snperfldal 
area  In 
acres. 

4 

146.2 

211.2 

57.8 

48 

6.1 

45 

ld8.75 

21 

197.55 

170 

05.4 

OontentB 
in  acre- 
feet. 


25 

8,801 

8,188 

650 

450 

61.2 

1,000 

1,748.75 

2,570 
2,500 
1,050 


ADMINISTRATIVE  QUESTIONS. 

The  commissioners  in  charge  of  the  districts  described  in  this 
bulletin  have  to  deal  with  unusual  conditions.  The  division  of  a 
stream  among  users  is  a  difficult  problem  under  the  most  favorable  cir- 
cumstances, but  the  commissioners  of  these  districts  are  confronted 
with  complications  seldom  encountered  in  equal  measure  elsewhere. 
These  are: 

1.  The  interchange  of  water  between  streams  in  the  same  district 
and  its  transfer  across  district  boundaries. 
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2.  The  frequent  use  of  streams  as  part  of  a  ditch  or  canal  and  mak- 
ing not  one  stream  but  three  or  four  streams  part  of  a  single  system. 

3.  The  attaching  to  one  piece  of  land  of  rights  from  more  than  one 
stream  through  one  or  more  ditches. 

4.  The  construction  of  canals  to  carry  water  across  divides  in  remote 
and  inaccessible  locations  in  the  mountains,  thereby  rendering  the 
regulation  of  head  gates  expensive  and  difficult  and  the  measurement 
of  stream  flow  practically  impossible. 

Even  when  the  streams  are  gaged  and  the  commissioner  knows  the 
supply  to  be  divided  he  is  often  unable  to  perform  his  work  to  his 
own  satisfaction  or  that  of  irrigators.  The  wide  and  rapid  fluctuation 
of  streams  is  to  blame  for  this.  From  the  records  of  the  gagings  of 
Clear  Creek,  made  by  the  State  engineer  and  the  Geological  Survey, 
it  is  seen  that  the  discharge  ranges  from  three  or  four  times  the  total 
volume  appropriated  to  about  one-third  this  volume,  and  that  at  times 
these  two  extremes  are  reached  within  a  few  days  of  each  other. 

The  gaging  station  is  below  the  mountain  ditches,  and  its  record 
does  not  show  what  they  divert,  but  it  does  show  how  rapid  must  be 
the  commissioner's  movements  to  protect  the  rights  to  the  232  second- 
feet  appropriated.  On  May  23,  1896,  as  shown  in  fig.  3,  less  than 
100  second-feet  was  passing  over  the  weir;  on  the  24th  there  was  over 
200.  On  June  3  a  flow  of  504  second-feet  permitted  all  users  to  waste 
water,  if  they  so  desired.  Three  days  later  the  discharge  was  less 
than  the  amount  appropriated.  On  the  19th  the  flow  was  209  second- 
feet;  on  the  29th  it  was  82.  The  distance  from  the  highest  to  the 
lowest  head  gate  on  this  stream  is  50  miles,  and  an  examination  of  the 
map  (flg.  2)  will  show  the  haphazard  location  of  the  appropriations  and 
the  rapid  changes  necessary  to  protect  these  rights  when  the  demand 
begins  to  exceed  the  supply.  The  commissioner  would  have  enough  to 
do  in  times  of  scarcity  to  regulate  this  stream  only,  but  he  has  in  addi- 
tion to  watch  the  fluctuations  of  half  a  dozen  others  and  keep  track 
both  of  their  natural  discharge  and  of  the  water  turned  in  from  other 
streams. 

While  doing  this  he  can  only  estimate  the  volume  to  be  distributed. 
From  the  highest  ditch  on  Clear  Creek  to  the  foot  of  the  mountain  is 
a  day's  journey.  It  takes  half  that  time  to  go  from  the  highest  land 
irrigated  on  Rock  Creek  to  the  head  gate  of  the  Piney  feeder  in  the 
mountains  along  that  stream.  From  the  last  ditch  on  Prairie  Dog 
to  the  flrst  on  the  stream  which  supplies  it  the  distance  is  40  miles 
in  one  direction,  and  it  is  an  equal  distance  to  the  last  ditch  along 
the  valley  of  that  stream  in  almost  the  opposite  direction.  Without 
telephone  or  telegraph  connection,  the  commissioner  can  deal  only 
with  what  he  sees.  Under  the  circumstances  the  success  achieved 
has  been  little  less  than  marvelous. 

The  water  turned  from  Big  Groose  Creek  into  Little  Goose  Creek 
enters  that  stream  9  miles  from  and  2,000  feet  above  the  land  first 
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irrigated.  The  head  of  the  ditches  can  only  be  reached  after  a  day's 
journey,  and  frequent  inspections  can  not  be  made.  Because  irri- 
gators can  not  know  the  facts,  they  are  all  the  more  likely  to  resent 
any  interference  with  their  supply.  Appropriators  of  the  natural 
flow  are  sometimes  disposed  to  believe  that  those  dependent  on  some 
other  source  get  more  than  their  share,  and  vice  versa.  Users  of 
water  along  Piney  Creek,  Big  Goose  Creek,  and  other  large  streams 
do  not  look  with  favor  on  the  diversions  into  other  drainage  basins 
where  the  subsequent  regulation  is  so  expensive  and  difficult.  It  is, 
therefore,  a  high  tribute  to  the  honesty  and  tact  of  the  commissioners 
and  superintendent  to  say  that  they  have  thus  far  performed  their 
duties  in  such  a  way  as  almost  entirely  to  avert  litigation.  To  enable 
them  to  continue  this,  however,  their  labors  should  be  supplemented 
by  comprehensive  measurements  of  the  discharge  of  these  several 
streams.  The  turning  of  water  across  divides  and  the  use  of  a  stream 
as  part  of  a  ditch  is  no  doubt  economical,  but  unless  the  methods  so 
largely  employed  here  are  supplemented  by  numerous  stream  gagings, 
it  is  hard  to  see  how  commissioners  are  to  distribute  successfully  a 
supply  coming  from  three  or  four  sources. 

Lack  of  gagings  add  to  the  perplexities  of  the  State  engineer.  It 
is  a  part  of  his  duty  to  refuse  permits  for  additional  ditches  when 
the  water  supply  is  exhausted.  So  long  as  he  has  no  knowledge  of  the 
volume  being  diverted,  nor  where  it  goes,  he  has  to  depend  largely  on 
conjecture.  The  extensive  construction  of  reservoirs  along  the  chan- 
nels of  these  streams  which  is  certain  to  result  in  the  near  future, 
and  the  use  of  their  channels  to  transport  the  stored  water  to  the 
place  of  use,  will  aggravate  these  complications.  That  they  can  all 
be  removed  is  not  to  be  doubted,  but  to  accomplish  this  it  will  be 
necessary  to  have  a  full  understanding  of  all  the  conditions,  and 
foremost  among  these  is  the  amouiit  of  water  there  is  to  be  stored, 
divided,  and  used. 
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